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1. INTRODUCTION A , |

" The Clean Air Act Amendments of 1990 require the use of oxygenated gasoline in the
39 areas of the cour ry that exceed national health standards for carbon monoxide (CO).
.Carbon- monoxide ,:olluuor. is caused by incomplte burning of fuels used in internal
combustion engmg $ and is generally more severe during cold winter wmpemmres That is
why the oxygenated gasoline program covers jll!t the typically coldest winter months in areas
exceeding the CO standards. E.’ssentially,ga.solineisdilntedbyaddingoxygenates such as
ethamlormethyltemarybutylether(lmownumﬂ) wh:chalsomducacemmother

organic compounds. ‘n:emltxsdecxusedmmonsofCOandsomeothertoncm
pollutants (e.g., benzene) However,memde—offamalwmedtobemry
between(l)theexpecwdreducuonsmco bennne etc., uda)musedemxssmnsof
M‘l‘BEandcem:nothumm(eg t‘onnaldehyde)

Typically, MTBB-oxygunted guolme contains approximately 15% MTBE by volume
withmoonvennonalmhne ‘I‘h:syolnmeofMl‘BEmhmmaappmnmamly27%
oxygenbyweight,whichisthefedmﬂymmdaiedstandard. OxyfnelswitthTB.Bue '
widely used. There were seven metropolitan areas that had requirements for oxyfuels
(at lower oxygenate levels than curreatly used) before 1992. The Deaver, CO, program
began in 1988, and five of the other programs have been operating since 1989. Methyl
. testiary butyl ether constitutes about 80% of the oxygenates sold in the Phoenix and Tucson,
AZ, andDmvu'pmgmm. Indepmdeutofﬂ:eoxyﬁnlspmmm,muuednm
octane enhancer. ltismelyusulinmgnhrguolineatmghlyo.zx(nngingupmabom

-~ 2.5%) of MTBE; andadgxﬂhmpo:ﬁmofpmmpsohncMZw9$m

Anamlymofthembintairqmlnyintheoxygamadguohmmbyths
WWW:@A’:)OM&WW (OMS) indicates that
Mwmmmmhﬂomducowmwmmﬁmu
dmlmmnnﬁhrpmdsmmmym(us Environmental Protection 3
Agency, 1993b). Based on this analysis, OMS. determined that naticnwide, the mumber of
CO exceedances in all nonattainment areas decreased by 0% on average. Exceedances were
reduced by 95% in the 21 new oxygenated gasoline programs and by 50% in the programs
that began prior to 1992 (these programs generally required about 2% oxygen by weight

prior to 1992). The eight California programs experienced an 80% reduction while



xmplemenung a prog—m requiring a lesser standard of only 2% oxygen by wexght (about 9%
MTBE by volume). Although normal vamuons in meteorological eondmons or patterns of
vehicle use might have contributed to the decline in CO exceedances in some nonattainment
areas, OMS concl- .d that the aggregate nationfl data suggest strongly that oxygensed
gasohnehadthehndofposmveeﬁ'eetavenllthammtended

This assessmeat updates EPA’s Office of Research and Developmeat (ORD) Febmary
1993 report, eatitled "MTBE-Oxygenated Gasolines and Pubhc Health Issues® (U.S.
Environmental Protection Agency, 1993a). TheFebmaryreponwasdevelopedtoasslstthe
EPA’sOfﬁceofMobﬂeSmandReglmsvmandeevﬂuannghenhhsympmm

. complamtsbysomeruxdentsml"aixbanhmdl\nchomge AK and Missoula, MT.

InFa:rbanks Missoula, and Deaver, pubhemdhmlmwueavuhblethnsohmed
comments on oxyfuels, thetebyfndlmnngeommumeanonabouteomplnnts People 2
Fairbanks and, to a lesser degre=, in Missouls made their heaith complaints public through
thesehothnecmthel992—930xyfnelm Ontheotherhnd,mDuwer where oxyfuels
wnhSShmbuemuodueedinl%&the:emefeweomplanodoundhedth
sympmmmmﬂy(!Sbeahhcomphintso&ofamlofMZ,ﬂOcomphm)(hvo
1993); however, in the 1990-91 winter season, in which oxyfuels contained about. 14%
'Mmz,dmoamodororhameompMmmdemapubwymmm The
pm«mmwmdmmmmmmm'
itd:ﬁicnhtommthemenmngof@omdsymptoms Individuals in other areas having
‘Mmzaxyfuehlnvemtmademhamxeomphm butanueumd:eM'mBoxyfnels
pmm&mmmwmuademﬂmeymmmdwmpmmmﬁe'
elsewheteeunldvayenﬁlygomepomd. Inmyeue,suchaelf»lelemdcomphimsuean
mmmnm&mafﬁemﬁemdm@mmnseﬁdwpmukhm‘s
althmghmeyuenhabhmﬂenﬁfyh;theneedforqndmhpdormnedmdm,
mmm«om'smmmws.wm .
 Ageacy, 1993a) was that the pancity of key information made quantitative risk assessment
impossible. mmmﬂmemwabpomlfmmm
ma:chwuneededtoﬁnmmpomhowledgeg:ps Therefore, a research and
assessmentpmgnmwasmned(pnmaﬁlyfundedbytheus Envnonmenaletecuon
Agency[EPA]andmdusuy[especunytheAmenanPeumenmlnmw therygeuated



Fuels Assocxanon, and the Synthetic Organic Chemical Manufacmxer’s Assbciatioh]) in
January 1993 to provide information as inputs to policy decision making for the next oxyfuel
season in the Fall of 1993. Thewltsoftheresurchﬁomthepammpanngmmmuons
were presented and dxscussed at the 'Confetenee on MTBE and Other Oxygenates
A Research Updaxe (1993) in Falls Chuxch VA, on July 26-29, 1993.
nmmmemofpmmﬂhulmm&awsuponthemrmfomnononMTBE
aﬂdmtegututheresnluoftheveryrwmtmcheffon. Although the optimal approach
formusumemmvolmenm:mgdanmpubhshedmﬂmhvemdetgompeer :
suchapubhunonpmmtypmnynmatlanlyw Thus, it was necessary to
wﬂm&e&npm&dwmnmwmd@om«mpmmm&am"
Confereace on MTBE and Other Oxygenaies (1993). Most, if not all, of these reports and
pmmmwswmmwmmmh. Inafew
 cases, the work has been subjected to external peer-review (see reference list). The ORD
mnunywdmtedthcmdtepommm&;upadbbmdammptedwdacﬁbe.the.vm‘
appareat strengths and weaknesses of particular studies. Nevertheless, when summaries
" (e-8., abstracts) or preliminary findings of unpublished reparts are being evaluated, the
WmmmMymbymmanmmoﬂhe
-mdanaeteouldmhmaddiﬁomlordﬁauteomhm ‘
mfonowmgdimsﬂmcmonthemuenﬁﬂcinfmﬁonammmal
halthnshofM‘l‘BB. Afewoduhyakponmmmmwithuseofm
oxygenated fuels are discussed briefly. Ideally, a full report would provide quantitative risk-
benefit comparisons of O and MTEE, and analyze the relative risks presented by other
gasoline components (incinding the entire gasoline mixture) and their combustion products.
However, as will be discussed, the available information is too sparse to niake such -
comparative risk estimates. The health risk evaluation focuses on the general public, not
peoy !« in occupations (e.g., gas station attendants, taxi drivers) having higher exposures to-
oxyfuels. Sevenl studies of occopationally exposed people were conducted to obtain data on
peoplelﬂelywbxvehgherapomumme;umlpublic Howwert!mﬂakevﬂnmon,
‘treats these people as representative of a highly-exposed, generally healthy group of people to
provide a perspective on what might happen to healthy members of the gencral populace
receiving lower and less frequent exposures to MTBE. The discussion is orgaized in three



sections: (1) health effects;<2) air quality and exposurcs,' and (3) a summary discussion of.
potenual risks that integrates current health effects and exposure information. Because
research on the effects of low temperatures (down to -—20 °F) on emissions from vehicles
using MTBE oxyfuels is not yet complete, this woTk will be reported later. |

2. HEALTHEFFECTS

AlthoughMrBExsthefoanonhnxepon.benm fonnaldehyde and 1,3-butadiene
malsobneﬂyaddmssedbeausetheaddmmofmﬂmaﬁ‘eatheemsaonsofm
' major fuel-related air toxics. Methyl tertiary butyl ether is primarily an evaporative
emission, but some is present in tailpipe emissions, especially if the catalyst is not fully
performing (e.g., beforenuwarmed—uporwhmntnmﬂfnncuomng) Benzeneupnmanly |
'amlpxpeemssmandunalsobepm:nev:pormvem Fomaldehydemd .
1,3-butadiene are strictly tailpipe emissions.. . :

Whhmmwmmmmmmgm
orwnhveqbwkvdsofoxygmmmhahheﬂem,andthnhumeffmm '
relnedtothelevelanddunnonofexpom Mfudsandthexrcombnsnonpmdumue'
complumxnmthacommmmsmchubm 1,3-butadiene, CO, fonnaldehyde
~ hexane, toluene, xylenes, andethylbm. Anhonghnisbeyondtheseopethatnposdblc
mthsdoaxmem,dzpomdofmemmuandﬂ:emdm&ﬂcomponmwmm |
'mdmmhalmeﬂmshmldbemmdeamnpmﬁﬂaddedﬁsk
ﬁommnmorduwpmvxdeaeomplaamlyﬁ. Alﬂnughchunhkmypooedﬁuem
typeunddepeaofhulthhmds public health concerns only occur above certain
WWM&:M@&.&M Vu;monsinapom
dunnonsandpmuemovetyhnpannhdmmhﬂngﬂnmmdaweﬁtyof
potential health effects. For example, M—mwmammmm
effects from long-term exposures. 'Ihekveldphy:ialwﬁvuy(e.g exercise) being
petfomeddunngtheumeofupommdﬂnhanhmdthepumbungapmedm
also influence the degree of health effects cansed by each chemical. Furthermore, when
" people are exposed to evaporative and combustion emissions from vehicles, they are exposed
to a complex mixture of hundreds of chemicals, not just to MTBE alone. This exposure to

v



v

the mixture will affect the halth outcome. In the epxdemologlcal studies to be dxscussed
here, people exposed to mixtures were evaluated. Inthelmmmchmcnlandammalsmdm ,
discussed below, exposures were to "pure® MTBE (i.e.,MTBBmﬁltemdan‘),nottoa . »
complex mixture ofM'lBE oxyfuel. Thus, JomumetpmnonofsmdmofMTBE aione and
in mixtures is needed to predict effects. - ' '
Ihnsecnonfomsuonthemofpomnﬂhahhdfm,mtapomor 3

consequent risks, whmhmeovemdhtet(seeSecuons3and4)

2. 1 Carbon Monoxide .'

mClanAnActdnectsdnAdmmstntorodeEPAtoembﬁathAmbmt

'AermhtySunduds(NAAQS)forsevenlmdespludmponmm based on scieatific,

cnmmandaﬂowm;foranadeqmmugmofnfuymptmmhchuhh. The('O

NAAQSn9ppmforan8-havmgeand35ppmforal-havenge wﬂletutobe

exceeded more than once per year. SOmanyUS aﬁmmmnyaposedtocom
Congmumadeitsmducﬁonamnomlpﬂontybyuqmn;ﬁedimzu(m)oftheMJ

' oxygmndpwhmmmsmaﬂuﬂmdonmmmcomqs.beﬁmhgon
" November 1, 1992. -

MEPAMM&MMMMCO@MM

‘populations (U.S. Environmental Protection Agency, 1991a). Carbon monoxide is a

colorless, odorless, mmﬁmmumkmwmummm
bloodstream, thaefomin;adowlymmﬂ:heompbxwﬂhmoﬂobm(ﬂb)hownu _
carboxybemoglobin (COHD). Thepreamofconbhtbbloodmtheamountof ,
mwmnmmmmmuwmmm

'_’mmmﬁconhmmmm-ﬁmhmmm

ofﬂnhdltbiﬂn‘mmln‘lﬂm mlalhdbmh&ndm and
mwmmmmmdmmmm
increased blood levels of COHb. S
meﬂwdapomwhwm:ﬂonn—muhmﬁ:mdhmbm
m—mmmmwemdmblyhsmmmonminﬁmk |
pouonmgfmmhghCOlevels mnmalmsepetfomncemhunhymdmdnakhas .
bemmwbe-ﬁwwdnconbmofz.ssmm Theredncuomm | |



.pefforrnance at these levels are small and are likely to a.ffea'only competing athletes rather
than people engaged in the activities of daily life. Central nervous system effects, observed
at peak Coﬁb levels of 5% and greater, include reduction in visual petccption; manual
dextqﬁty,’leaming,'dﬁving performance, and antation level. Of most concern, however, are
adverse effects observed in individuals with chronic heart disease at COHD levels of 3 to 6%.
At these levels, such individuals are likely to have reduced capacity for physxcal activity .
beausetheyexpenencech&pam(angxm)sooner Exumse—relatedardncan‘hythnnas

~ have also been observed in some people with chronic heart disease at COHD levels of 6%

- and may result in an increased risk of sudden death from a beart attack. Carboxyhemoglobin
~ levels (3 to 6%) of concem for induction of cardiovascular effects among people with .

. chronic heart disease would be expected, on average, with exposures during light exercise to
CO ambieat air concentrations of 60 to 100 ppm (1 b) or 20 to 45 ppm (8 b). |
The NAAQS set by EPA are intended to keep COHD levels below 2.1% in order to
pmtecttbe‘mostnnﬁﬁvemunbmofthegenaﬂ‘popnhﬁui(‘ne individuals with chronic
hand:sase)wnhmadeqummofafay Bldedypeople pregnant women (due to

possiblefeuleﬁeas),manchﬂdmn,andpeoplewnbmmwnhdngmsedor

undxagmsedpﬂmomryormdxwmhrdimemaholihlywbeatmsedmkfor A
CO effects. Howevu,theptuentNAAQSfarCOneonsdemdmbeadeqmwlyp:menve |
ofthseeffects

2.2 Methyl Tertiary Butyl Ether

2.2.1 Odor Thresholds and Dermal Effects .
Ahhonghd:eﬂmngodorofhﬂtﬂmy]ﬂdmmdmkdntveryhghcomom.

of it are in the air, this is not necessarily true. Rmapmmmlmdmofmnodor ’

mmwmmmmuwmammwm)n'

'concennanonsumdowmglm and recognized (identified) at levels around

032too47mg/m depending on its purity (Clark, 1993). Bycontnst,thedeteeﬁontnd

. mogmnmﬂnuhohsformblmdsd‘paoﬁmmamchulo-foldmm

those for MTBE alone: O.32ﬁo2.09mglm for detection; 2.77 to 4.03 mglm for

thﬂcm&ummmhmmndum Wllnnaee-ry ueonvmwmdeon
d:oblmthnlppmm8836mymm ‘



recognition. When MTBE and gasolme were mixed together (15 % MTBE 85% gasoline),
the threshold concentrations of the tmxtuxes genenlly lay between those for MTBE and the

- gasoline blends alone: 0.32 to 0.94 mg/m 3 for detection; 0.68 to 2.48 mg/m for
tecognmon These values represeat ranges for sxtsubjects of varying seasitivity t odors,
»suchaswouldbe@mdmthegeneralpopulauon However, other individuals may be either
consxdenbly more or less seasitive. Also, the particular blend of gasohne may make some
difference in its detectability either with or without MTBE. o

_ Duectexposuxeoftheshn,eyes andotherhmeswhmaemsecmunonnmﬂarw:
thatofeonvenuonalgasohne(SNAMPROGEl‘l‘lSp A., 1980). Pmlongedorfreqxent '
eontaeththenhetconvennomlgasohneormoxymdmyxemltmdwmg chapping,

or cracking of the skin. If either type of fuels come into contact with the eyes, eyexmtauon
may result. Beeauseeechoftheceeffeeupomny'lmbdwhahnexpommMmE- '
bleaded gasoline is also linked to exposure to coaventional gasoline, normal precautions  °
shmldapplywhenhndﬁhgmytype_ofmﬁm,mprda;oflypeoroxygenm

- 222 Shon-Tcm&posnnEﬂecu

Epidemiological Studies |

 Alaska Studies. ShottlyaﬁetMTBBoxyfnelwumodneedmAluhon
November 1, 1992, mmmﬁmamm:mdmmmm x
reouvemmmaﬂsﬁommdwiduﬂsmmwhhbmblqmﬁngmm
ofmmmwmmmammmmm
BythefomthweekofNovember overlSOhelhhcomphimhadbem:eeeivedona
publicized citizens hotline. mmdMWmmMaﬂmw
: eonfonnderwmbaeqnanq)idemwlopalmesﬁp’iominm Most individuals
reported minor symptoms. SmdieseondnmdbytheCamfnrDiaeuelemd
Preveation (CDC) and the State of Alaska were initiated in response n these complaints.
In November and December of 1992, while MTEE oxyfuel was still in use, the CDC and the -
State of Alaska undertook a field epidemiology stody in Pairbanks (Beller and Middangh,
1992); the State of Alaska conducted a similar stody in Anchorge (Chandler and Middangh,
1992). There were limitations to the extent of the health questionnaire and the oumber of
pecple interviewed. All the gasoline in these cities contained elevated MTBE. No group



&

could be identified that had no exposure to MTBE oxyfucl, préventing controlling for

- . exposure.

- Initially, the CDC contacted 34 people who had earlier complained of health symptoms
to the Fairbanks hotline, which had been set up ior MTBE oxyfuels comments. TLey used
information from these people to establish a "case® definition. A case was defined as a
person who reported, for cither the first time, or with increased frequency since October 14,
1992, symptoms of headaches or two of the following symptoms: cough, nose or throat
burmng eyemmuon,nausaorvommng dizziness, ormsanonofspacmusor
d:sonmnon ‘l‘heensedeﬁnmanacludedmdwulmlswhotepomdsymptoms such as
fever,dmﬂm.,ormuscleachu lihlyduetomfecnousansu TheCDCt.hen _
admmmmda:ympbmqu&mmmbytglepbonemasymampleofﬂmidems
and found that 41% of the participants were cases (i.e., reported the preseace of the case

' Using questionnaires similar to those described above, the Alaska Department of Health
and Social Services and the CDC conducted interviews during late November through early
December of three groups of people in Fairbanks presumed to have, tiered levels of exposure:

(1) taxi drivers, (2) bealth care workers who typically commute, and (3) university students

whospentleasnmcuunndvehdu(nenaandhﬁddmgh, 1992). Amilarstndym

" employees) (Chandler and Middaugh, 1992). Ax‘nlysisoftile_FaixbinhdininTablc 1

 among the taxi drivers and health care workers compared to students. mmﬁmmm'

ofd:eAmhongedanwumtrepomd,bmnwumdﬂmthcundmmhdahgm
pmpomonofcomphm In both cities, hadachuwmdnmoueomnsymptom

' reported. THS h-adaches were genera™ ymndandof'mma‘nammuormen
' 1and 24 h). Othet common symptoms were eye and throat irritation and cough. Many
' .peophuwcnﬂdthdrsymp&mswhhwinavehichorwhﬂcufmﬁng Most of the

pwphmeddldnmjudgemmmbemmghmmhnphym
InFmbanl:s Manangmemmmmmmvmfor
hudache xmplymgthanhecomplnmwmnotmandwmnm:mlmgmwzdespmd

serious morbidity.
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TABLE 1. PERCENTAGE OF CASES IN FAIRBANKES AND ANCHORAGE

Interviewees . : Fairbanks Anchorage .
Taxi drivers 33% (4 of 12) - 46% (12 of 25)
Health care workers . 29% (26 of 90)

~ Students - 15% (157f 101)
Health center workers ' 25% (7 of 29)

Hospital workers S o 27% (29 of 108)

Source: Beller and Middaugh (1992); Chandler and Middaugh (1992).

Gord:aneta.l. (l993)fwndnos1gmﬁantdxﬂ'mmhenhhmmnceclmms -

A (outpanemmtfordngnosuofupperorhwenupmrymd:m headache, or :

asthm)mAmhongeovuthehstthreewmtenormAmhougecompamdwotherAhsh
cmu for the 1992-93 MTBE season, suggesting that serious ha!theﬁeca were not '
ocan'nng A study such as this has many limitations, swhuthepomnlfor
misclassification of responses. By its nature, it does not address the issue of whether MTBE .
xsassocxanedwnhsymptomsand,themfore annotbeusadtodnwanepﬂveconchmon
abom:uchmusocnnon. ' ,
mmmmnmcwfmmmwamcnc in

. collaboration with the State of Alaska, tthmomlInmforOecnmmlSafetyand

Health (NIOSH), andEPAeondnctedatwo-phseﬂndymFairbanbinveﬁpmgthe
WMWMWWMWw(m

- forDuaseContmlandP:wemim, 1993a). myallomvedpmdmenkﬁomhpretween

MIBBoxyfmlapomaandbbodkvdsomeandamajormboﬁndh,m

me mxmconﬁadmhﬁmzmmmlm while -
. anmmhpnﬁnempply,mnmmdnmdinnﬁd-rebmlm 6 weeks

after MTBE oxyfuels had been removed. Dmgmn,mﬂwminme

-mguhuﬂaded(ulﬁ)mm(usw6$)pmmumom_m Each

phase of the study involved a systematic telephone survey, and investigations of symptom
m@MWdMﬂBMMnWﬂyMW(Le,

, commutets) exposed mdmduals



~ In the telephone surveys, participant telephone numbers were selected in 2 systematic

* fashion from the Fairbanks telephone dimctory The time of day of the telephone survey was
not reported (i.e., the temporal relanonslnp between exposures and questioning was not
reported). For the occupational survey, workers Selected by convenience included those who
speat most of their work day in vehicles (e.g., meter and telephone techmcmns) or at service
stations and automobile dulersh;ps Participants were asked about a list of 15 health
complmnts, including the sevea key complaints of beadache, eye irritation, burning of
nose/throat, cough, nausea, dizziness, andspacm Spec:ﬁa.lly,ttzywereuked:fthey

_ hadexpeneneedthesesymptomsfortheﬁrstume,orwnhmcmsed&eqtmcy during the

penodfmmOctoberl 1992(Phaselanveycond|nednembet3m5)ordunngthe :

period from January 1, 1993 (Phasenauveyeondtmdfebmry 10 to 20). Participants

wemmquwedmrepononlyeomphmthnd\eyeoumnmmmacoldorﬂu

Table 2 showsacleardxffetmemsympmmrepmungnmbaweenmhofﬂntwo study

 phases. Thepruenceofanypmmmngmedmlqondmonmnotx_epom ’

-~

| TABLE 2. PERCENTAGE OF PEOPLE IN FAIRBANKES REPORTING SYMPTOMS

. Telepbone Survey ~ Occupational Groups

" Phase I Phase I’ Phase I Phase Il

- Symptom ‘ . (m=41) (@ = 100) = 18) (@ = 28)

"Headache - =~ . . 34% (14 - 10% (10) 2% (13) 4% (1)

Eye irritation - 371% (15) 13% (1%) 7% (120 . 1%
Burning of nose/throst 9% (12) 2% (12) 0% 0% O . .

Cough . " 2% O $E@® = 8% cs ©

. Nauses o 15% O 2% @ 33% () 4% (1)

Dizziness " 15% (6) 4% (4) T 4% () 0% ()
Spaciness o S 12% (9) 6% (6) 13% (6) 0% ©) -

*Phase I = While MTBE oxyfuel in use.
II = After MTBE oxyfuel removed.

Source: mhMMMW(m

Intheoccupanonala:pommvmgmons lSpeopleinPlnseI(enﬂyDecanba)and
28peoplemPhaselI(arly-m1dFebmry), uofwhompmapatedmmsel were
x recruited, mcludmgdnven,mednmm andmsunonamdam Each subject
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answered a quesuonnmre mqumng about the presence (in the previous 6 weeks) of
15 symptoms, mcludmg the seven key symptoms. Each subject had a blood sample drawn at
thebegmnmgandattheendofthexrworkshxﬁfordetermnanonsofMl'BEandmA ’
concentrations. Each subject was also asked abowt the presence of any symptoms on the day
. of their blood draw. AxrooncentmmnsofM'l'BEwerealsodetermnedattheworkphce
Resultsfortheoocupanonalexpomshowedthndlmgphuel the median preshift
bloodconcemnonofMTBBwaslISpg/L(mgeOIwnSpﬂL),nmgtoapostshxft
med:anofl80pg/L(nngeOZto370ug/L).whamdnnnngasen,ﬂ:emednnpmh1ft
bmwmmnmozxmmpuumozsmpmn. It is not clear why
'mepmmmamammxmumumm Ahrgetzndwntmpte-to |
postshift levels would bave been expected. 'l‘hed:ﬂ'ummbloodMTBBeommom
baweenPhaseIandnwaemmanyagniﬁam. PomxftbbodIBAeommmusm
the 28 workers from Phase IT (median = 42pgll.,nnge09m203ul!.)mmmuny
agmﬁmﬂybwummcpomwmmmmmmwm&m
Phase I (median = 5.5 ug/L, range 1.6 1076.5 xg/L) (Btzel, 1993). Postshift blood TBA
WmmumwmwmeMImMnmm_
amednnofSGpglL(mge16w722p¢lL)inPhan39nlL(nnp0.9b
13.4 ug/L) in Phase I mmdecﬁmwumtnﬁmnydmmul, 1993). The
.maymmmmmmxmmnmumyapm
' There was a statistioally significant correlation between the air concentration
mammamofmaduﬂngmaelmdmbjm blood concentrations. Thete wasalso a
: wmplummhﬂm:hipmbwmmeuntmdﬂﬁcnhw :
explain. Mwammammmww
wmmrmmmnmn Although the four individuals
m&ehigheaqmﬂhdpoﬂﬁﬁbbodmw“mmﬁhbwm
oneofd:ehycympmsonmedaybloodmdnwnmmeupeophinﬂnm
quartiles, dnsdiﬂ'mmmtﬂﬁmnyﬁgni&:m .
NomemﬂommmmoxyfndsmmuﬁmdhbﬁMIm
thnnmgcommminl’lirbmh Sevea people participated in Phase I. Six of these
mwuwmmnabngwnhomagdmmm Eachpenonhadablood
sample taken for MTBE analyzis before leaving for work and upon arrival at work. The -
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median blood MTBE conceggrations during Phase I were 0.18 ug/L (range 0.05 t0 0.3 ug/L) -
pnor to leaving for work and 0.83 ug/L (range 0.09 to 3 0 ug/L) after arriving at work; tlus

_ increase was stansually significant. During Phase II, these values were stansua]ly

significantly lower, 0 )9 and 0.10 pg/L, mpecuvely
Theresultsoftthmbankssmdmneedtobemtexpretedthhuunon. There may

A havebeenbmsmthetepomngofsymp_tomsduetoemnnveneganvepubhcxtyabout _

MTBE. Furthermore, the small sample size may havexiotgivgn'thesﬂxdyadeqzmepowerio :
detect relationships even if they existed. 'Peoplequstiohedinl’haselhadahighersymptom

rate than those in Phase II. Howm,grventhehmxtaﬁonsd&cnbedabove,amal‘
.mhnonshxpsbetweenmandsymptomannotbem The study did =
-demonsuatethatMTBEandmAaredeteaablemd:ebbodofaq:oMmdmdmk even at

relatively low exposure concentrations.
BeauseAmhongemmdwdonlywhilngBoxyﬁmlwisinw,ﬁisnbtpqs;ible.
wdaemimwhahumuemardnﬁonshipbaweenMBBandsymptomm.

Stamford, Connecticut, and Albany, New York Studies. Becanse of the high degree of
publicity associated with MTBE oxyfuels in Alaska, it was desirable to conduct a similar
study in (1) an area using MTEE oxyfuels, uninwﬁch-u'.v;mm'wmeeofwidapm |
consumer complaints (Stamford) (Centers for Disease Control and Prevention, 1993b), and
a)mmmmmmhmmm(ﬂhnﬁ(mmr
Disease Control and Prevention, 1993c).

meApdlStolG lmmcCDmeopmwnhmesmeofCommHenlth_

 Department, conducted an investigation in Sumford. The study in Stamford differed from

themdyml’mbmhmdntthuamnouephonemey Althonghanempmd,xtm '
'dmmhwobdnwopmﬁmﬁmmbjmmbym Comequaﬂynladnlt
subjects were recruited by coavenience for the study. mldeeuonpmumnotnndom'
Thesubjecummgomdbyjobu arrq:ura'paohmnla pxofemomldnver‘
“other®, or "commuter”. The m'mgoryeonsﬁmtedwoxtuuwlnspentmostofthmr
umemndmfﬁcormmvehda such as meter readers. *Commuters® dxdnothave
oowpanomummdwnhexpommenhergaohnevmmmbummmms

Pachpaxtxcxpantwuadmmstemdaqnsuomue mihrtothel’mbanksqnmre

12
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consisting of 15 health questians including the sevea key symptoms. - The peiiod of time
covered by the quesnommre was appronmately 1 mo prior to administration. Of the

221 subjects, 44 had samples of blood taken for MTBE determinations. Thirty of these

44 worked around automobiles and had blood ¢1wn at or near the ead of a work day. The
remumng 14 subjeas were commuters and had their blood drawn upon arriving at work in
~ the moming. Subjectswetealsoaskedlftheyexpermcedanunuanlodorwhnlepumpmg

gasoline.

Beausemoaofthepuﬁcipam'whowetenmcommutenwmmﬂémdum
heremformalepuﬁcipams(‘hbhs) Among males, thepmdenceofanyoneofthe
sevenkeysympwmundtheptevnmoftwoormomofmyofdnhysympwmswas
highest in the othu"m;oxy(ﬂmdSO% req:ecuvely) However, because of the few ;
subjects in the “other” category, this relative ranking may not be meaningful. Headache and
cough in the “other” category were the most commonly reported symptoms. The highest '
bbodconcenmﬁmaoflﬂ!ﬂﬁmanodmdwﬁhmhwhohdﬂwmupdmm
Vehlmhrﬁlmesmm Gasoline service station attendants had median blood MTBE

Tevels of 15. 19 pg/L and median TBA levels of >75 ug/L. Median blood MTBE levels in |

both the "car repair® and mmm‘jobmmlnpgn.udon% | _
xupecdvely,TBAmedhnsmlsﬂnlLandz.OGnILmvdy Goodamnons

’ wuefmdbawembloodmm“dpmlbtuﬁngmmmof

mmmwmmmmmdm The CDC
repomdthatthellindivﬂnahmththchighut(uppaqmﬁb, 22.4 pg/L) blood MTBE
levekmmmnydgdﬁanﬂymﬁkdybnponmormbymm
the other 33 people studied. Ahhmghpeopb%highzbhodmmdspnpﬂ)
Mmmywmmamhymmmmm B
mnynniﬂam(wm 1993) mmﬂmwmmdeof&embjmm'
Ww@&,mwwaﬁddﬁmh’m),ﬂnmwm
wnhmemmbbodmnkvd:wmdpﬁmﬂymﬁkﬂymmmm
thexunmnngZZwodu: Mmmmwmmm
WWMMMWMMWMWWM
- each category. However,thesxnannnmbeuofmbjecumm,memdemgeofblood
Mmammmmwmmm,mmmnﬁabmyoprmma
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. TABLE 3. PERCENTAGE OF MALES IN STAMFORD REPORTING SYMPTOMS
W.

_Car Repair or Gas ‘
. Commuter Profeuxoml Driver .Station Attendant .Other®
Symptom . @=59) (@ =57 (0 = 48) @ = 12)

 Headache I 25% (15) 26% _(15) ©27% (13) 2% (5
Eye irritation .. 19% (11) 7% (4) 21% (10) 17% (2)

* Burning of 7% (4) . 0% @ - 15% (D 33% 4)
Cough ‘ 15% (9) _ 5% (3) 15% (7 . 42% (5)
Nausea ’ 0% ©0) 0% (0) ‘ 2N 8% ()
Dizziness 2% (1) 5% (3 6% (3 17% @
Spaciness _ 3% @) 2% (1) 108 () - 8% (D)
One or more Q% (25 . 35% (20) 2% (29) 67% (8)
Two or more 14% (3 1% 4 23% (11) S0% (6)

‘Workulwhmahghmdmmmm(e.g wmden)
Source: - mmmwmmuma) ’

definitive conclusion. Lastly, subjects who reported an umusual odor associated with
pumping gasoline or using a motor vehicle were more likely to report one or more key
Investigation in Albany occurred over the week of May 3, 1993, and involved 264 adult
mbjmm&mbymminammm Subjects were divided into three
groups: Gmplwnnmdofmmechmandmmmdm similar to the “car
.‘mpm-orgasohneales category in Stamford. mepzeonnstedofpohmparhng
gangeworm's toll booth workers, etc., andconldhecomda'edtobesimihrtoa
combination of the *professional driver” and “other* category in Stamford. Group 3.

 consisted of students and office workers, similar to the "commuter” category in Stamford.
As in Stamford, mostly men participated; thus, caly results for males will be reported. The
15-quistion symptom questionnaire was administered to each s-bject. Ambstof
38vohmemhdbhodnmphlduwn,uin8umfoxd,20worhduwndmmobﬂa and
the remaining 18 were commuters. Auto mechanics and gas station attendants had median
blood MTBE levels of 0.42 ug/L (range 0.09 to 1.50 gg/L); workers in Group 2 with some
 occupational exposure had a median level of 0.08 ug/L (range nondetectable o 0.15 ug/L);
Group 3 people (¢.g., studeats, office workers) with less gasoline exposure did not have
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detectable levels of MTBE in ‘their blood. -These levels are substanually below those

© measured in Stamford. » L -

' When men only were considexed (Table 4), there was no difference among the three
groups with respect reporting on any key syn‘:ptoni or on two or more key symptoms.

The prevalence of any one key symptom was between 42 to 49%. The prevalence of two or
morekeysymptoms was between9tol8% If the “other” wegory from Stamford is not
considered, thesedamueverysxmhrtomSumfordmlts Thesxmdmtyofresponses
acmssjobwegonesmggemmathesympwmmpommynmbeduemgnohmupome.
_ AnxmpomntﬁndmgmAlbanywuthatsubJectswhoxepomdoold flu, ot allergies in the
pnormomhweremorelikelytoreponthepmeuceofmykeysymptom eventhoughthey
wezemstmctednouodoso. Itunncemwhetheranmﬂarpamwaspruentmthe
other studies. ItshouldalsobenotedthnbytheumethewdymmsumedmAlhany,
’alhxgymhadbegmandcouldhavephyedambmtherepomngofsympwmmd
mghtaceountfortherehnvelyh:ghsymptomtepom Finally anyoompamonsofdm
_ammgdiﬁaemex&esmustbeappmchedmthmm Methodological diff~rences
andotherconfwndexs patﬁmhﬂythemuhddﬂfummambmmnnubetween
spnngnmeinShmfoxdandAlbany andwmerml’tirbmh,conldmfordiffm

TABLE 4. PERCENTAGE OF MALES IN ALBANY REPORTING SYMPTOMS

. Mechanics, Gas Station Attendants | . ~ Students, Office
Sympt (@ = 33) (a = 39) Workers (n = 83)
Hoadache .= 2% ) S 36% (14) 20% 17
- Eye irritation 18% () . A8 ® - 16% (13)
Buming of nose/throat 6% @ | 3% (1) o U% @
Cough C15% () . 15% (6 . 26% (2)
Neusea . . % @ , 0% (0 ~ 4% (3)
Dizzinces ) L %@ - 5% @
Spaciness - , 0% - 3% (1) 6% (9)
One or more ~ 2% (14) 6% (19) 48% (40)

Two or more 9% 18% (O | 18% (19)
*Policemem; parking garage workers, and toll booth workers. .
Source: Centers for Diseass Control and Prevention (1993c).
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‘mmﬂmmwdeummas-daypmmmwwmpformhay), for |

" New Jersey Studies. Investigators at the Environmental and-Occupational Health
Scicnces Institute (EOHSI) couducted two epidemiological studies in the State of New Jersey

" In the first study, they (Mohr et al., 1993 Mohr, 1993; and Weisel, 1993a,b) investigated
- the- symptomauc responses of 237 garage workeg from the New Jersey Departméhts of

Transportanon and Treasury. Workers were given two questionnaires: one quesnonnaxre
elicited responses to questions about the presence of MTBE and "non-MTBE" symptoms
over the previcus 30 days. Questionnaire syriptoms for MTBE included headache, nausea,
daytime sleepiness while driving, daytime sleepiness at other times, cough, light headedness,
and eye imritation. Non-MTBE symptoms investigated incinded diarrhea, fever, sweats or
chills, and muscle aches. ‘I‘hcsecondqumnnanemadmmstuedpte-andpostshﬂtand
also asked about the presence of MTBE and non-MTBE symptoms at those times. Both
quesnonnan'escovetedthesamesymptomscomdemdbyCDC Rupondentswcteclassxﬁed '
aocoxﬂmgtowhethertheyworkedmnonhemNewJersey whxchattbeumeofthesmdy

| wassullusmngBBoxyﬁnels or southern New Jersey, which was not using MTBE

oxyfuels. A:rsamplatakenmthemgashowedthtMTBBmpmmtmthemﬂhem
garages; afewofmegangumthemthlndmm&ehvdswmovennlowerthm
thosemthenonh. Petsonalurapowmwetemamadmambsetofwom -
mBOHSInmthepmomofanﬂynngandevﬂmnngthepusomlmplerdm”

onlypmhmmarymfomanonnavaﬂableandaquanmnvemlnmmnmtpossible '
(Weisel, 1993a,b). For example, whxlerelanveM'l‘BBlcvelsanbeqmmﬁvely
deteumned absolmeconcmnonsannotunﬁlthemdyiscompwd. Thus,
mmomhmdbelowueappmmaﬁom rather than precise values. Categorically,
approximate concentrations are as follows: very high (>22 mg/m®), mgh(smzzmg/m’)
medmcs;osm;/m’) low (1 to 3 mg/m®), not detectable (<1 mg/m®). Sampler

mne..mamdtenmthmdfonrmesmthemﬂl. Onemdiv:dnalwumamedpermlt
six sites, twopeoplepaﬁﬁewmmasmadntwom,mdﬂmepeoplepcmm

-.mamedatonem

mmemnh,anloanmsmmmedhadahuthghlevelsofmdewmdforonc’
individual. chenmuwmwegonzeduMghorvexymghonmdaysm There were
two individuals who had low or medium levels. There were another two people who had
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undetectable concenuanons of M‘I'BE on one day, but high levels on the other two test days.
In the south there are mmuxements for four people (one at ach of four sxtes) People at
two of these sites I'ad high levels on two of the test days. One site had low levels on one
day and undetectzole levels on the other two days; the fourth site had undetectable levels on
all three days. Insummary,thereapparedtobesomedegreeof nmnng between north
and south, basedontheooasxonﬂpmmofhxghlcvelsofM‘l‘BEaafewofthesouthem
: sxta Nevertheless, fromagenznlandthtanvepexspecuve,mummdexpommmthe
mnhwexehxghetthanmthesanh Nonhemlevelswe:etypmnyh:gh(appmnmately6to
22 mg/m’), wwusthesouthtypxcanyhadlow(approﬁnmelylto3mglm3)or |
undetectable levels (approximately <1/ mg/m?).. Such limited data for over a 3-day period
mmuqnnmvdyexmpohmdwthcwholeofﬂnquuuompenodmdayt)orw '
all participants. However, again on a qualitative basis, it is reasonable to assume that
mﬂy&empm&emhhadambmmﬂyhg&rexpommmoxyﬁwhmm’
the group in the south.
Whenaﬂworbnwmoompued,thuemnongmﬁamdiﬂ'exmemsymmms .
betweennorthemNewIexny(n-llﬂandmuthemNewImey(n-In)mmexthet' |
meBO-ayquuummormthepre-lpoasmqnuum Power calculations '
menommmwmmmmgaw :
hadachcptwalmoflos wmmmﬁm(umoosmanmm)m
detectahadachcprevalmceofzoﬁ ”imm@aa?ﬁ%m and 99%
powetmdewaawipm ‘I‘hemvuﬂp:onthenmvwedthemdhdm
fmhaaccoxdmgm (I)mehopmpedmfmmmswday(n-mmnh, ,
15 south), (2) attendants who worked on cars for more than 4 h/day (o =62 north; :
o .,ﬂnﬂ),@)mmmmmnﬁhpqvg&dﬁvmvﬁdu(n-”m
25 south), M(4)mehhhﬁgbapunﬂwmmdﬁ'mﬁ
(appnmmamlyéwzzmg/m buedonthmemaeaxﬁveday:ofﬂ»hpumlnmphng)
amsamambdbwm(moﬁmaﬂylmSmym’)m(n-Smsm) R
mmdmmmmmqmmem;mmmmm
aouthemNewIersey Amongthemmdam'vhopnmpedpaolineformthnswday.
thuewuad:ffermcempm—/pomhﬁsympwmxepomngbaweenmnhemNewImyand_
mthemNewImey,bmth:seﬁeawumdepeqdmtofnme(Le.,pmorpomhﬁ).
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" Between these two l?ﬂer gmups, there was a significant dxfference in age But, whea these
_groups were age-, sex-, and eduwmn-matched this north/south difference dxsappmed |
When symptoms were compared as a function of pre-/postshift and north versus south in all
of the other groups :here was no north/south effect. ' These results suggest that MTSE
oxyfuel exposure in a variety of cohorts of garage workers did not cause any, dxfferenee in
health complaints. ' '
_ In an attempt to 1denufy a seasitive subpopulanon for the effects of MTBE oxyfuel
exposure, F‘edlcretal.(l993)admmswxeduympmmqusuonnmto13 subjects reporting
_ multiple chemical seasitivity (MCS). PersonswnhMCSuanllyteponsymptomsand
.xumsumtuponsembw-levda:pomwavmuyofchemakandmbmm
'commonlyencounmedmmeenvmnmem. To compare the responses of the MCS sabjects, -
thequmomremdsoadmmswndwﬁvea.bjmthhchmmcﬁnguesyndmm (CFS)
and six healthy control subjects. Subjmwmasbdmwsymptommawdmth
mmwhehdnyemldbeexposedeEBmhuteﬁwhngmddmng(mb]m
wmnotaskadwhetherd:efueldny’hdnsedcouﬂinedmﬂ) They were asked to rate
on a scale from "no discomfort” to “severe discomfort® the symptoms of headache, buming
‘mnoseanddnmt,dxmneu gastrointestinal upset, sleepiness, _cough, and spaciness. There
mampﬁmmymrucsmasmwmmmmwhﬂe |
mﬁlelmg(butnotwhilcdnvmg)whencompuedwithﬂuhahhymbjm. On a total
symptomsmmgeofﬂ(mdimmfon)mn(mdmomfon),theMCwajm
scored 5.3, eompuedw4.8tortheCFSnbjeannd12forthehalthymem Thedata
_ uggestdeCSmbjeaswmdmfonineoqumﬂmmmehng
However,nnnotpocﬂbudnwmyﬁmmhmﬁmﬂn:mdyofMCSmbjm
becmseof&cmn-mphﬂmandmumhnpoaﬁblewdisﬁngmmbetwm
wbjemumgmBquyfndmdthoumtmgmBaxyfud.

HMWM o
. Tohelpaddm:themofaditeaanalmhﬁonbetwemM'IBBexpommd
sympwms,twosmdwsofd:esensory symptomatic, cellular, andeyexuponmofhalthy
Mmmmbjemexpommmammmacomnadexpomchamberwmcondnaed
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In the EPA mvesnganon, 37 hedthy, nonsmohng subjects (18 male 19 female)
between 18 and 35 years of age were studled (Gerrity et al., 1993; Gerrity, 1993; House,
1993a). Each subject was exposed for 1 h to both clean airand § mg/m "puxe MTBE in
mr on different days. The temperature and relave bumidity in the chamber were maintained
at 75 'Fudw%,:espeeuvely ‘Iheendpomts selected for the EPA study were based on

the observation that the sympmmauerepomﬁnmuashmembledthetypesofsymptoms
assocmed with low-level organic solvent exposure. The endpomts for the EPA MTBE study
can be divided into four atezones : '

1. Indmnofsymptomancruponsemdndmghathche nasal irritation,
throat irritation, cough, eye irritation, odorquality ‘and dizziness
(measured before and dnnngupom'e) .

. Nommm(mmwmmmw
theBOHSIquunonmne) L . :
Compunenzedamlogurqlnlitynﬁngm" :

2.-lnd|atm:ofbelnvwnltecpome(mamedbefmeandattheendof

exposure): .

. Nanobehvmﬂmtymmbmy
- Symbol-digitsnbldumon(codingpafomnce) '
- Swmhingm(sebeﬁvem)
mles

3. Ind:umofupper y:mﬂlmmaﬂon(melmedbefm immedhtely o
aﬁertndl&hahapome) .

° Nanlhvage
- Typuandmbenofepnhelhundmmmmmeem
- Biodmialmedimnofmﬂamaﬁon '
4, Mmuofeyeinﬂamm

Den:immetﬁcindieﬂorofeyemdneu(mbefmemd
immediately after exposure)

. Nomnmvewﬁlmbmhxp(measnedbeforeandmedunlyaﬂet
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e Impression cytology (before and 18 h after exposure)
- Types and numbers of epithelial and mﬂammatory cells
- Biochemical medmors of inflammation
Prior to exposure testing, each subject hada determination of his/her individual odor
‘threshold for MTBE in water. In addition, blood concentrations of MTBE and its
metabolite, TBA, were measured in two subjects. Blood samples were taken at regular
mtewalsdunngexposureandfor7haﬁerexpomre Tlmedatapmvxdeabenchmmkto
w@pamapommbawmthepnsemsmdyandﬁemmwhembbodmpmwm -
drawn. _ : : ' T '
.Swmy-mpamofmwbjmwnealydaeaedthepmofmeodorofMIBE
mwmrataconcemnnonofO%uUL. Tlmedancompaemsomblywellwnhthedam ,
ofTRCEnvuonmentalCoxponnonmporﬂngadetecuonthxuholdofOBWL Thus, xt
mbeassumedthatthcmbjeasmdwdhdnomalodorth:uholdsform ‘ |
'Blood concentrations of MTBE rose rapidly during exposure but did not plateau during
exposure. mmmmmmm@mmwwm‘
82andl4lpgll.,rupecuvely Aﬂeraposme bloodeonemmfdlnpudly,
half-hvaof36an437mm,rupecuvely denvednmgamodelwnhamgl:compamnent
for elimination. By 7 h postexposure, bloodeoncemnnonshdﬁnntoo.zand06pgli.

respectively. Bloodl‘BAconmmmdﬂydmmmdmmmeda
steady concentration of 7-to 10 ug/L up to 7 h postexposure. Bven though the number of '
bbodamplaumbwﬁrpmnmofmofMBBmamhmn,
mmmmmmmmhumm
Mmmeﬂeaofmmhmofmmdmalmﬁm ;
mmmmmmahmm The results -
mmmmmﬁmmmuwmymw»umm
mmmmammmmmmdummmm The
 neurobehavional tést battery showed no effect of MTEE exposare. Noue af the markers of |
mmmmmw;mmnymmmmw
compuedwnhclannr Methylm:rybntylednrexpomdsohdmnﬁmany
ngmﬁczntd’feaoneyemdnasoronwﬁlmbmknpﬁm 'l'hepnmaryhypothem
wﬂndmthspmlwudmmﬂwmldmchmgumthemgofsympmmsof
hadache,msalmnommquahty,pegwpuon,andodor_mmm Power
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calculations performed on the §ymptom data showed that (at p <0.05) there was adequate |
power to detect 2 0.5 point change (on a ﬁve-pomt scale) with =90% power for odor level
headache, and pasal irritation. A O. 25 point change in nasal irritation could have been
detected with 80% power.. Thus, the study had adequate msual.powertodetecthBE-‘..
related changes in symptoms, if they had been present. For the other objective endpoints,
statistical power calculations are not appropriate. Considering the relatively large number of
mbjecufmsnchendpomumaeonmnedmdyandmspecuonofthemmﬂmtyof
__mambaweentheMrBEandeonmlgmxpsmdthﬂrmhnvdymnmnduddewanom
.‘(seeGemtyetal. l993),theconcmsxonofthehckofmmllyngmﬁanteffectsns
| mmﬁgamrsameunimsity(ciinan. 1993)xep1iwedmexmsnidy(em:y
et al., 1993). Atonlof43mb1em(22mles Zlfmles)betweentheaguoflsm
34yarspamcxpamd. Anoftheeudpmmmd:edbytthAmvemmuwmdso
'smdnedbytheYﬂemvmm,lMghshghﬂydﬁawmqbodsformmngeye
redness, tear film breakup times, and eye inflammation were used. The MTBE exposure
conceatration was slightly higher in the Yale study (6 mg/m®). In addition to a clean air and
an MTBE exposure for 1 h at 75 °F, each subject in the Yale study also underweat a 1-h
exposure ¢o a complex mixture of 16 volatile organic compounds (VOCs) commonly found in
gasoline (C4, CS, and C6 saturates; and C4 and CS olefins). Tlmeq)ommamogam
'mhmmdnapocﬁvemlﬁrmmapom In the pilot phase of
mvm;auon,theVOCmixwufoundtohwnoduembbodor Consequently, isopropyl
. mn(mmwmmlm)mwwmmmmm The -
. mulVOCmmofﬂnm@aemWy7ppm(abm20mﬂm?).
mmmamv&wmmmmmm o
mmmmMMMW&EAJYmm&umma
Yale, cxpomuofa;ivmintﬁvidnﬂmupunedbyouly3dny:,uoppoadtolweek
mdnEPAmdy(aehpulonmdvedbothmﬁnndmlﬂ:BBcpom) e ..
mmmmmwchnmm&inad(M)fomd )
euennanythemmmutheEPAmdy(i.e MTBE exposure had no statistically -
 significant effects on symptoms, the neurobehavioral test battery, nasal inflammation, eye
inflammation, eye redness, and tear film breakup times). Results of statistical power
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" calculations on the Yai. symptom data by ORD (House, 1993b) were similar to those of the
'EPA study, Likewise, for the objective measures, means of the MTBE and control groups
were very similar and standard deviations were smail_. Thus, the design of the study was
sufficiently robust to have confidence in the negagive outcome. When the VOC exposure was
'compatedthhclunurexposum,uwasfoundthattbeVOCe:q)osuremusedanmcmsem
mﬂammatorycellsmthenasallavageonthedayfonowmgexposum(Cmnetal 1993).
menmngofthxsmuseandthemmofmmsewascoanthpmouswork
doneatbeEPAhbomtonumwhmhmbjectswmexpoaedmadxffetwmofVOCs
CSmglm’)muhnngmmdoormenmnmcm(xom—etaL 1992).

PhamacohneucdanwmalsoeonemdonfmmbjectsﬁomtheYalemdyand
evalunedbyORD(Gemty 1993) Afherexpom thembjectshadpakbloodMTBB
concentrations of 16.6, 14.8, 17.4, andl97pgll... Whenadjustedforexpome .
concenmnuu,thecomom.mcompanbletothoseoftheEPAsmdy Whenasmgle .
exponennalehmmmmcnrvemﬁttotheYaledanbyORD the mean clearance half-time
was 80 min (range 57.8 to 128.3 min). mmmmammmmm '
a mean of 10.3 ug/L (range 7.9 to 13.3 ug/L).’ .

Tabntogedm' meEPAandYabmvemmpmvxdeammpme They
showthneonnonedmanexpomewmmmmdathecond:ﬁommdmddoumt
mwmamwmwmmm

Blood Concentrations of Methyl Tertiary biutyl Ether end Tertiary Butyl Alcohol
IntheCDqudﬂniolodalnndiuandtthPAdeahmchmalm
M’I‘BBmdﬂAmmumbkindnbloodofe:poaedpeople. Inﬂnepﬂenﬂobgal .
studies, odwtpnﬁn&dmdeanpomda(ag.,bw,mw,xyw)mdwpm

in blood. mmmmwwwmamaumm
symptoms; hmﬂuewmuﬁsﬁaﬂywmmmbhod
levelsof‘l‘BAmdlympwm. Mmmmmnynmﬁmmnbbodlevd
symptom association in Fairbanks. Although MTBE and TBA were detectable in the blood
of subjects in the clinical studies, o increase in symptoms was cbserved. Such data offer
further confirmation that exposure occurred, but they are not predictive of effects for two
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main reasons. First, a relatively small number of people were exammed compa.red with the,
numbers needed to obtain quantmmve mmates of the relationship between blood markers
and effects if such a telanonstnp existed. Second the half-life of MTBE is quite short (not
known definitively, but likely to be around 60 lmn), preseating special problems. For

~ example, shortlyaﬁetanupom xfapexsonhastwobloodampludnwnmmnapm
thesecondbloodsamplemllhavehﬂfoftheMmEpruentmtheﬁrstsample Undersuch
mm,amemofbbodeBmmypomymeork-
- shift exposure, and, evea if it did portray a later portion of exposure, thcteuenodatato
allowaconnecuonbetweenthetempoalmlmommpofexpoanuanddfem assuming
" there were effects. ThemetabohteofMTBB,TBA,lnsambstannmylmgeer-lifemthe
bbod(sevenlhounorafewdays),hnmzl'BAuaqmmnvebiomuhrwonldmo
behmnedbythemmbuofpeoplem Developmxmodelswmhtebloodlevelsofa

- wmpmwweﬁeasummomnymmuewbymemdyhrge
bodyofmamnneededformchwcepwdmodekforwandco Thus, thebloodlevel -
danoerBBandmAconmdmnsefnlinconﬁnmngdntcpommmedudfor
mhypmtmmmmmebwan,pan,mbewmdnw
conclusions about effects.

_ Inassusmghaltheﬂem theopumnlpandxmhmmlnmapom-doae-mpome
relationships, whhexpomabangdeﬁnedu&cbmgmeomﬁonmddoubung
dcﬁnedasthemuslumdehvuedinteunlly Prefenably, theutzetdtedoui:hmm,bm
mumdmmmmwhmmmmmu
'assumedwbeamnom Bee:mnisdoawammdntmmdfea,
'Wummmumwwwmm
allowcompcﬂmdntwonﬂbedifﬁwltm Inthespedﬂccueofmand
Muyuﬁmhmwﬂm:ho*ingﬂmmhan&lindwmofdon,uw
sbove, Bmifmmwwsoneofﬂneompomdsmbeamvem
umammmwwmmmnmm
be t00 small for quantitative evaluation. Nevad\ehs,aqmﬁnﬁvecnmpanmbetwmthe
bloodlevdsofMTBBandTBAmﬂ:eep:daniologalandhnmmcﬁmalmdiesisof '



E

" 'In making comparisofs-of the blood data, Gerrity (1993) first normalized the Yale
human clinical data to account fof the differences in exposure concentrations between the
EPA and Yale studies (5 and 6 mg/m’, respectively). Adjusting for preexposure baselides,
the Yale M'I'BE and TBA levels were teduced by.l7 6%. A total of six subjects baa blood
measurements. The 60-min measurements show a median concentration of 14.0 xg/L MTBE
(range 8.2 to 16.47) and 7. 19pg/LTBA(nnge6 lOto998) Theexposum involved
caused no increase in symptoms

WhenacﬂnlhnmmchmalM‘lBBlevelsuecompuedtoMl‘BElevelsmpeople

, wmmmmpmmsmmmmmmmsmm the

hmmchmallevekwmabovethemedunlevekforthegangeworkmandwrthe
median for attendants. InSumfovd but not in Fairbanks, thuewasamnsumnyngmﬁmt

'mmmmmmsmmmmmpmm Similar

cmnpnmonsofbloodTBAlcvelspMaahghﬂydiﬁMpm _The buman clinical
thdsmwnh:ndxemgeofdleqndemmlogialmb]m but they were below the -
medhnforsumfmdwoﬂnnandsﬁghﬂyabovememedimforFmbuhmgewm
In Stamford, thaewumngnﬁammmbawemhghbloodlevehofmm
symptoms. smmmmmummmhwmwu
interpreted cautiously. Comidenngdlemberofmbjecumumed,thetelihlyuno
ma;ordiﬁexmamongalltbm Fmtheunmethebbodsmduwnﬁomthe
chmalandep:demmlogxalmbjecufonowmgvetydﬁumapommpm For
mmwwmmmuummmmm
cowulnﬂonsofMﬂB(vhﬁnaeompkxmixum)medmthal-hchmalapom(wnh
MTEE only).

—

0w . . . C o, e 6

vhaxinhhdhﬂ'ﬂﬂinbmbedm&zbody,‘.“i ofitnehmmaﬁedm

Ah(kdimndietal. 1990). The haif-life of MTBB in the blood of rats was about 30 min;

thchlf-hfeofﬂAml.Sm35h,depmdingonupomanduxof&m
(Ferdinandi et al., 1990). hbonm:ymsaxpooedfor6hmhghcomnonsofmﬂ

(2,900, 14,400, or28800mg/m3)expenencedscvuzltypaofeftbctsams Integrated Risk
InfounanonSym 19931) Amvnyhvdsmmbmwmmusednzmm
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14, 400 mg/m and decreased‘at 28,800 mg/m dunng the first hour following exposure;
female rats showed similar but stat:stxally nonsxgmﬁmt effects. At the two highest levels
tested, increased lacrimation (tearing) occurred and effects on the nervous system (decxused
muscle tone, and staggered walking) were observed. Recovery occurred soon after exposure
stopped msesuﬁmmdmtethashon-temexpomwenvmnmenmnyumlevels
ofmanmsemernbleeﬁ'ectsondlemoussym However,theendpomtsused
mthemdentsmdywmﬂdnotdetectthehndofsympwmsteponedbysomeFmbanb
Anchorage, and Missoula residents. ~ '
Rapnatoryuntancywummmedmmweuposedtoﬁveeomnonsofmﬁ
(300 to 30,000 mg/m”) for 1 h (Tepper et al,, 1993). A standard test used to evaluate lung -
xmnncyﬁommﬂuchangumbtuﬂnngmandpammused. The severity of the
sensory irritation ranged from “slight” (at3(!)mglm’)mm(at30000mzlm’) _
Pnlmomymnonwamggmdnw,ooowm only, but data from other endpoints did -
not support this conteation. mmmmwﬁmmma

.bwmgumapohndbyﬁmrwﬁom&eﬁveMWmm

16,584 mg/m®. According tb the Standard Test Method for Estimating Sensory Lrritancy of
AnbomeChennals(AmedanSoaayfor‘remngandMMs 1984)aappliedmthu
interpolated valne, mwm’wmummu.muwm,

vansmgngmﬁamwnmhﬁnﬁm)forhnkhyhnmmwnhmmdepeeof

susceptibility.
WWMIMMWWMmWM

" developmental toxicity studies with rats (Necper-Bradley, 1991) and mice (Tyl and Neeper-
" Bradley, 1989), but not with rabbits (Tyl, 1989). A two-generation reproduction study in
.gnfonndnoadmeﬂ'ea:atlmmglm auoaoo:nym mpupshadudneedbody

wm(ammmmmmwwwwm
1991). Exposures of mice to l4,400u_:d28,800m¢lm inadeveicpmﬂnlmdty@dy
resulted in redoced pup viability, and at 28,800 mg/m’, cleRt palate (Tyl and
Necper-Bradley, 1989). The no-cbserved-adverso-effect level (NOAEL) from the mouse
developmental toxicity study was 3,600 mg/m’. Although the mouse developmental toxicity
mdyhdapomonly&ﬂpgthepaiodﬂntmwmfomingmays6mls.of
preguancy), the two-generation rat reproduction study involved exposures of both parental
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| animals prior to mating as well as during pregnancy and lactation. Still, both types of
studies included exposures during the critical period of organ development and showed -

- adverse effects. Some chemicals can cause adverse developmental effects after very short
exposures dunng critical periods of the development process. Such an effect may be
expressed as a malformation or death, or expressed as an effect on growth (prenatal or
postnatal) or functional performance. A more extended duration of daily exposure or

'rc'peatedexposuxe mcxdentsmghtmoerbatethatpammhrexpmwn oftoxxcxtyorxmght
mmeaddmanalordxﬁ‘erentdevelopmuleffects Posm:nlexposummalsopmduce
effects an viability, growth. or petformanee, but if exposures occuued both pre- and
postnatally (except with malformanons), it is usually not possible to differentiate whethcr the
effectwasaused‘bypm-orpoMexpom _Suchxsthesmmonwmtlywnh
MTBE, and the possibility cannot be ruled out that a single exposure of sufficient magnitude
couldpmdnceanadveuedevelopmenﬂleﬂ'eamhboumxyanmﬂs

mmmwmnmwuzmemmmm

Toxicity Risk Assessment (Federal Register, 1991),C1egg(l993)developedaprehmmary

_ assessmentofthedevelopmentaltonatyofMl‘BE. Alowest-obmved-adverse—effectlevel
* (LOAEL) of 10,800 mg/m’ and a NOAEL of 1,440 mg/m’ for developmental toxicity were
identified from the two-generation reproductive toxicity test (Neeper-Bradley, 1991). For

this inhalation smdy, uncertainty factors of 3 were applied for extrapolation from rats to
humans and of 10 to account for sensitive human subpopulations in accord with current EPA
pmmceformhahuonexpome. Malmhﬁonmbmaptdimhnryemm(m |
unwmmyspamgnhnmordetofmuﬁmda)ofﬂmym atwlmhnoadvase
developmental toxicity is likely to occar in bumans (including sensitive subpopulations). The
exposure level that might produce effects in humans is highly uncertain. Estimation of such
a level would depend on the magnitade and duration of exposure; the disposition,
metabolism, andphamaookineﬁaofﬂ:eemnpoundmhmm mﬂnmntmtyofhmnm

'toﬂ:eeffeaucompuedmammlsdntmm Ithgmnympommin

'ummofdevdopmmlmﬁm’bmmm«mwmmnin
advexseeﬁ'eas,xftheyoecnrdnnngtheappmpnmwmdowofaenmny. However, no
information exists for MTBE in animals or bumans to determine more accurately the
minimum level and duration of exposure that might adversely affect the developing organism.
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Thus, it is assumed that even a short exposure has the potential to result in developmental
toxicity if the exposure concentration is sufficiently high. '

2.2.3 Long-Term Exposure Effects -
Pursuant to 3 1988 consent order under the Toxic Substances Control Act, EPA
requn'ed that xndust.ry conduct extensive studies of the health effects of MTBE in labomory
ammalstommaxepotennaleffeasmhumm 'Iheswdmevaluatedallma;ororgan
| sym;umgmmmofmmmamfm@mmmwmpmm'
. effects (described earlier). Chronic carcinogenicity assays were also pe;formed

Nonamarﬁﬂ'cas

Inl991 EPAevaluanedthenonaneetchmmceffectsofMTBBbuedonsubchmmc'
'mdmanddevdopedahaldlmeuicanedmmhahﬁontﬁumcemmmnm
Wunchmmcupommwmrepomd,themmtemedmmpomethaemw
data. ThecumeCfoerBBuBmg/m (IRIS, Inte;medRisklnfomanonSym
1993a). AanC(foranycheuﬂal)hdeﬁneduaninhﬂedmn,ﬁthu
| uneetmmyspanmngabanm_orderofmgnmde,ﬂm,mquhﬂedeommyma
lifetime by people (including sensitive populations) and is thought not to pose any appreciable
deleterious noncancer hazrd. The RIC for MTBE is based on studies of rats exposed to
1,450, 10,800, or 28,800 mg/m’ MTRE for 6 h/day, S days/week for 24 mo (Chun et a.,
1992). Atthetwo'hig‘hercrmﬁons,them'mmmmﬁtyhm The

* noncancer effects observed at 10,800 mg/m®, the LOAEL, were increased liver and kidney

. weights, increased severity of spontaneous kidney lesions, increased incidence of prostration |
(mmmmmmmmmmhmmfmbm '
Kidneyeffecﬁmdnobmvedmmhm,mmmwmwa .
Wehmmmﬁﬁmmmmwoﬁbmﬂe
‘hdneylmonsmsedby!\ﬂ'ﬂﬁmybedne input,wthebnikhpofapmtain o
(llphhglobulm)thnhumtbeenfmndinfmhmorom:nimﬂlpedu imlndmg
humans. ANOAELOflﬁOmgIm memblishedbuedtlpondnmdiu Aceotdinzto |
theRmeethodology dnsNOAEqudonmemnyadmmdwappmximamemeqmvalmt
eommmna:pomlevdinhnmmanddmdedbyaloo-foldmmymwobum
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the RfC. The uncertainty factor reflects a factor of 10 to protect unusually sensitive
mdmduals and a factor of 10 to account for both mterspecxes extnpolauon and the lack of
certain information from the chronic exposure bioassay. ' '

In a chronic ic? ilation study (Burleigh-F-..zer et al., 1992), male and fema.le mice were
exposed to 1,450, 10,800, or 28,800 mglm for 6 h/day, 5 days/week for 18 mo. Male
mcefromthehngh-expomregroupexhibnedanmsedmommyme maybeduetoan

increased frequency of kidney disease (obstructive uropathy). Ataxia (staggered walking)

'wasobsetvedmallammalsexposedtotheh:ghmﬂeoneenu:uon. Other effects reported

mbmhsexeoofthehgh-eoneenuamnm:pmcludeddecxasedbodywaghmmd
absolute body weight (males oaly), musedhverandhdneywuglm (femalee oaly), . _
deausedbmnwught,andaaﬁg!ndeausemmmwdity Himpnhologxcevaluaﬁon .
revenlednolenonsmmyomnexeeptthehvet Ceﬂnhrehangesmthehvaoemnedat
memshmapommdmbﬁm,hnwmoﬂymﬁmnyﬁgmﬁummthemﬂe

mice. Noeoneenmon—mmedeﬂ'eetswe:erepomdatthemid-apomlevel. ‘nms the
10800mg/m expom'ekveli:eonsidetedaNOAELforthi:nndy ' ~

In the associated subchronic study, unwe:eexpoeedto2900 14400 or

28,800 mg/m® MTBE for 6 hiday, 5 days/week for 13 weeks (Dodd and Kintigh, 1989).

Asmd:eehmmcandy there were no noticeable effects on some of the parameters or
studned,mchuthelmp. Eowevet,theovu:nwuzhtofevidaxeemmnthe

* 14,400-mg/m’ levelwumodemelyadveuemmenlomnsmethems,uM

bydeuusedbmnhgthndinuusedwhﬁvekidney ad:unl,andkverwagm The
NOAELinthennmz,m:nglm Neilhetbnmnendremleﬂeetsmnotedmdle
chronic rat study (Chun et al., lM),Mhheﬂem(mbniangmmmt

‘-obsetvedatIOSOOm;Im indlemouaemdy(nu:high!'hye:aal. 1992)

- L J

. Potmdalfor C'aﬁngaidy

m&mmmmmnwm&mwudnamm“

cancer is not available. Thelefom,ﬂnfoauisonthelﬁmﬂdm. TheEPA’eOﬁeeof .

Bulthandﬂnmnmlmm(mmaﬂndbyhﬂuetd 1993)tmpe:foumdan
evalnation of the cancer tests in the Chun et al. (1992)and3uﬂelgh-l?hyeretal.(l9”)
chronic studies mentioned above. This current evaluation must be considered to be
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preliminary uatil addxﬁonal data are considered, méludmg a recently reported oral exposure |
animal bioassay from the Bologna Insititute of Toncology (ARCO Chemical Company,

. 1993) and additional mechanism studies of Kidney toxicity. The eomplete assessment wxll

then be subjected to review by an EPA-wide wore group. :
‘Ihetwoavuhblechmmcammalmncerbloassaysofm(cmnetu 1992, and
Burleigh-Flayer et al., 1992) wereassased. Inthuebmassays,grwpsofSOmweand
gmupsofSOnuofachsexwemexposedthTBB. hﬁceweteuposed6hlday,
SdayalweekforwmotoenherﬁlwndmorMTBBinﬁltuedmncomomof

.1,400, 10,800, or28800mg/m Ratswmuposedtoﬂ:emcondmonsforumo,

exneptforthemd—andhgh—dosemlu whchmmpnedadydlwmwe :
mortality. Chunnl-inducedmncuy mdueedmrvxval,hckofclinnlchemstry '
information from blood and urine samples, andeonndablyleu—than—hfetimeupom :
mke&aemdifﬂmhwmforammguncuyhmdwmwm |
eonndenbleuminty - - _
nwmmmmmwommyhummwm'

‘of male rats. Thcinauaedincidenceofhdneymmhnﬂd-donmhmknﬁmny

significant compared to concurrent controls. Inspineoflnghmlityhdingtntheaﬂy
tecmination of the high-dose study group, kidney tumor incidence is elevated, but with the

_pmhhﬂityofobauvhgadgmﬁamrecponsemm Aqnedonalwxysmnm |
whahamymmhapondmabmmdnebhmhﬂmohm | '

Muwm(wmmmmwmﬁm(mm)

- in the kidney tubule cells. Kn,hmﬁngmnhmﬂmmmm

wagh—of-evidueafoﬂmmnwcinogmdty manmwmmmwm

,_aetfodlbythpBPA(Us Envhonmlmw 1991b). Veqlhtbewdmce

mmuumﬁmwmmmm
mmmmmmmmammmm The

‘mammmm;mmmhmambmmnmmnm

' mh&dmhmﬂmnmumdnuymﬁsww

mechanism. Therefore, mmmamywmmm

undmw,thehdneymmomuevwwedueomﬁbuMgmthsoveunwagh-ofm

for MTBE carcinogenicity. Emeuivemomlityind\emid_-mdhigh-dose_gxmpuindim
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that the maximal tole..ied dose may have been exceeded, l.hereby mcmsmg the uncenamty
of interpreting the data in terms of human cancer hazard. |

Testicular tumors were statistically significantly increased in both the mid- and
high-dose groups of male rats compared to concurent controls. A dose-response trend is .
clearly evident. The meaning of the MTBE interstitial cell testicular tumor response in the
test rats for prediction of human carcinogenic risk can be questioned, however, because of
high spontaneous background incidences of interstitial cell tumors in this strain of rat. The
stanmcdugmﬁameoftheﬁn&ngdmppunxﬂhemmmteaammhmcompmd
_totbeavengelevelsmhxstonulconuols Conamentcomolsuegenennyreoognmdto
bethemostappmpmtegrwptousefortbepmposeofdwmmngthemnsual .
agmﬁmofobmvedmﬁmbawemmm nnlmthexeuafmntwuh .
the controls. Thesxgmﬁantmsemtuuuﬂarumonwhenmpuedtoconamt
| 'controls wupled with the dose rcsponse, uJusuﬁanonforvxewmgthummortypeas
contnbunngtotheovemnwexghtofmdeweformmmgemcny

Methylmryhnyledmmsedmhcmuemlivunmnmmathehxghdose
Eudenceofmnutyobmedatﬂlehghdosemmemm:dmﬁmof
high-dose chemically induced mouse liver tumors to be the subject of debate. The MTBE
mouse study is a less-than-lifetime study of 18 mo, rather than a 2-year lifetime study. The.
4 mnmedmeofmewm&emnydmmonmy. A tumor response
wummduthehighdose,inspmoftheshomdiengdmfthebmmy A statistically
ugmﬁaﬂmmwdnomsmobuvedhmhmnd“ymm
In female mice, Mmamﬂsﬁaﬂyugniﬂxninuunmadmms(mdadmmmd
carcinomas, driven by the adenomas). Mhmwaytohowm:hngu@om
penodwmldhaveptwidedmexpandedpumofrapmmmcmid-docm

Me&ylmﬂnybmylahﬁhsnmbeammbemhmcsyms
testec. nmfmdmbapodﬁveinmaelympmw("mad 1988). Two
mmmmwmwmm
FomﬂdehydeismﬂgenbandnchmfndbyﬂAua‘pmbnbhhnmmﬁmgm
(IRIS,IntegmeanklnfounanonSym 1993b). Oral exposure to TBA indoced a
statistically significant increase in thyroid adenomas in female mice and appeared to increase
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. tenal tumors in male rats, but thxs increase was not statistically sxgmfmnt (Nauonal
Toncology Progmn 1991a,b, 1992) o

Although certain MTBE mmor responses are statistically sxgmﬁant none of the -
responses is conside- 4 truly robust, andthelaclrofastmng.clear-cmrcsponsedmmshes
conﬁdence in the dau. Available mutagenicity data on MTBE are primarily negative, -
although a meubohte (formaldehyde) is mutagemc Furthermore, controversy exists
mgudmguchofthemmoreudpomn,andthe,mdmhaveshommmgsthatmpede
developingclar-aitinfmabanpomﬁﬂmmm; Although more robust
mponmmboththemandmousewwldaddmahwthecomnforthe
carcinogenicity, tahnmgaher the responses seen provide "limited” ev:deneeofamml |
carcinogenicity. BchofMeresponsaumuedveofpomﬂaminogemmymdadds
to the hazard concern. Cuumgmmyofmmmboﬁmhyetmmercom '
As stated above, further evaluation of the data base, includmgthemunltahansmdy
(ARCOChemulCompmy l993),wmbenndunk=nbefoxeaﬁmlwunogenmy
classification is determined. Atthepteaanume,thcdannuutthaamﬁve |
.chssﬁanmwbhnmmmmbuedonnmi&dmﬂwﬂm)hmppomble

Mmmmmumm,mmmm
wmdevdopdmfacﬂinmwmpﬁmwmwhvhgmgmmm
_ This type of analysis has a whnif'objecdvo—dmh,ifM‘BBmaammmwm
might the impact be? 'meeompauﬁvemmaﬁmform‘BBmamfold
mge,akhm;hhymxdaﬂvdthwhmemedbodncbemhk Beanaeofthe
mmmmymmmdm

Addmomny,itmbembuadde'BBnbmaddedmmhm umxnne
thatanmseminhbonﬁorymﬂs Guolinamnnnualsomchdeothet
amogmsnchumﬂmombofbm(am&ahownhnmanmm)m
1,3-butadiene (Class B2, a probable human carcinogen). There is a tread for reduced -
nﬂpxpeemmmofbmwhenmnnad&dwthepnﬁne(msmll 1). .
meanuypalpecﬁve,pmﬁngmBmpsoﬁnehmlihlytoaﬁeatbm
mchsuﬁanonofthemm "
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23 Formaldehyde, Benzene, and Butadxene

All gasoline-fueled automobiles wx]l emit formaldehyde, benzene, and 1, 3-butad1ene

| These pollutants are of interest pnmanly because of their cancer potential. Benzene is -

' classified as a proven human carcinogen, and 1 S-butadxene and formaldehyde are classified
as pmbable human carcinogens (Grindstaff et al., 1991 U.S. Eavironmental Protection
Agency, 1985, 1989). If exposure concentrations of all these chemicals were equal, the
estimated cancer risk from exposure to formaldehyde would be similar o the risk from
'exposuretobenzene 'memkfmmexpometols-b\mdxenewmldbesevenlm ‘
M*Howwer,expommeomnonsmthueehemals althoughnotwellquanuﬁed
are different.

Awﬁeexpomtofomaldehydeanauaemmeffmws Emmonmental ,
ProteeuonAgency 1987; Gnndmffetal. 1991). Inmnonoftheeyes nose,andthroatxs
themoammmeffeaobmedmh:msﬁcmshoﬁ«emexpometofomﬂdehydemd
anbeobservedueupoanelevelsasloqulmglm Short-term exposures to 3 or
4 mg/m’ donotpmducemablemngdfeas. Formaldehyde exposure has been linked
wim;mmamm-mmwm'mamw headache, and
apathy mdmmwmwmmmoosm
0.6 mg/m’ hvexeporteddleaesymsalonzwnhmimbﬂnywmmmdsleep
Tommmwdfmwy&mmmMaMlmZhofapom
but symptoms can return if exposure is interrupted and then resumed. Itshouldbenotedthat .
mdhmdmhﬂ@y&wmm&mm
1mmmwmmmmmmmm

zhmhemdmﬂuﬁ&ehmmhﬂmuﬁmmm

epldemolopedm. Mud&dunl,epﬂbmmwunﬁm

. evidence from snimal studies and limited evidance from human studies; 1,3-butadiene is classed as B2, 8
mummummmmmmndwmm

qndemologial studies.
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VI

3. A.IR QUALITY ANDEXPOSURES

3.1 Air Quality

3.1.1 Air Samples . .
 To obtain soL .: degree of information of aigconcentrations of pouufants‘of interest,
Zweidinger (1993) has analyzed air samples collected over 8-h periods in Fairbanks,

. Stamford, and Albany for aldehydes, MTBE, and other VOCs. However, due to study
hmtanonstobedxscussedlater thedmannotbeusedtoqmnutanvelydeﬁnemthtym'
a city. IheFmbankssampluwmconmdbytheSmeofAhshdunngthmephases

- Phase 1 wasmmedxatelypnormtbephaseoutoflSSMTBBmguohne(Decemberlto
12, 1992; 25 VOC and 35 aldehyde samples); Phasezwasdunngtheplnseom (December
18 to 22, 1992; 31 VOCandZGa.ldehydesamplu),mt_lPhse3wu:ﬁerthephaseom

- (February 2 to March §, 1”3;nacnvocmmayamm)am'm.
Based on the analysis of gasoline samples collected in Fairbanks during Phase 2 and Phase 3, -
. the percent of MTBE in gasoline decreased from 8.5 to 1% (unleaded regular) and 14.7 to

5.6% (premium). MSumfonlamplesmcolbctedbyEPARegiml(ApdlBtou
1993; wmvmmm&mu)mww”dmem
whexeMTBB-oxygenamdpsohnemahosold. 'IheAlhanynmplawexeconectedbythe
NewYorkSmDepamanofHanh(MaySwZ‘I 1993; ZOMVOCandddehyde
mpl&)aﬁrepmmdmuaofﬁeMyMMﬂBmMmlyumm
enbancer in gasoline. anirblnhMlamphlmMyndbytheOtemGndnm
Cmr(VOC)andDmMW(Myda) Allothenmbiunnmpleswm'
anﬂyudbyEPA'sAﬂnospheﬂcRueuchandB:pomAmhbonm The -

' samplesfromachcityconsimdofmdsidem mmﬁms(punmixhnd) garage

setv:cebq‘s,mdduﬁalndghborboods andmdoouinndblckgmmd:im. Indoor,

| muy,mmmmmmdhmmm and'n0 service bay Samples

were»:ﬂwtedml’mbmhdnﬁngmz Also,occupnhmnymmdamplawm
mﬂemdﬁvm&ehmﬂondmmmlmdun&hwmmymuel
and Phase 3. Sngmﬁamdiﬂmhmbimwmodnmmdoghl
condxﬁonse:ustedamongdleanuwhuesamplnmconecmd. Also, onlyardanvely
fewsampleswexeconeaedinagmmam,andtheampleswae_connctedove:onlyafew-

" days. Therefore, the data cannot be used to quantitatively define the air quality in a city.
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Rather the data can be used to esnmate approxxmate ranges of mquahty in t.he locations
sampled. - ' - ,
The highest av-mge conceatrations of MTBE (0.011 mg/m ),benzzne(O 629 mg/m ),
total nonmethane . ganic carbon (80.5 ppm C), attd formaldehyde (0.038 mg/m) w..re found
in garage service bays. One of the highest average concentrations for a single compound
‘was found to be 1,1,1-trichloroethane (methyl chloroform), which exceeded 38.0 mg/m’ in
semcebays(Fmbanks Phase 3). Aside from the service bays, MTBE concentrations were
next highest at gas stations (Fairbanks: 0.194 mg/m® Phase 1; 0.134 mg/m’ Phase 2; and
0020mg/m Phase 3). msmmmmnmmwmtheloww
(0.013 mg/m®) but were likely the result of sampler location (Albany average Was
0.086 mg/m?). Whereas samplers in Fairbanks and Albany were located on the pump
island, the samplers in Stamford were located at least 15 ft away from the pump islazd.
mmmmmwmmmmmmoozsmym in -
the Phase 2 Fairbanks samples, flllmgtoOMS7mglm in Phase 3, wnhtlnexeepuonof ‘
onehomewhexethcavmgeindoorvalnemo.mwm. This home had an attached -
garage and also had elevated levels of benzene (0.138 mg/m’) and other compounds
associated with gasoline. . mmmmWWOMmﬂm
Muhylmmlahuwnmmmmamedmﬁdevehcbinmw
| 0.024 mg/m’ mmsl(mimmumampbofomlwm’)mwmed |
0019mg/m mleeS(notmclndmgoneamphofommym’) ' :
| W&mmwmm.mmomwm’)m
~ outdoors (0.0025 to 0.025 mg/m®), whnhugmﬂy&eaae,andhvdsappwedtypial
.ofthoseneninmdoormmdm. _ -
Bmckvdswaehighnh?ahhnh(wmd:ﬂehvdsmomsmym,
Deounber0¢042mg/m PhInS)thlntheodnunu(Smford,ONSmg/m Alblny
0.0014 mg/m’).
' mmonmmmpmmnmmmmdmmof
Mmammwmmimmmaﬁ,lm. 'l'hiswotkwnhZOvdncles
(1989 models with 3-way catalysts) showed that, at 75 °F, there is a trend for MTBE to
cause a net reduction in the total mass of air toxics. Individually, there is a trend for ..
emissions 6f benzene to decrease and emissions of formaldehyde to increase; 1,3-butadiene
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was oot substantially altered whea MTBE was added. When ORD’s cold-tcmpemure
e:mssxon studies are completed, more will be known about these changes in au' toxxcs
emissions. Although some models are available, these changes in emissions amnot be
quantitatively extrapolated to estimate impacts op air quahty (and exposures) within a city |
with sufficient precision for the purposes of this report.

3.1.2 Air Concentrations in Vehicle-Relnted Microenvironments
mwmwwmmmmm
Tnmglehmmw(kﬂ)compleeedzmdyofﬁeldmmnofMTBBcomom
mxdemmobﬂesdumgmappmmmmmmmmmandduﬁuaﬁn-upofthegg
tank (Lioy et al., 1993). FieldmasurunmmconeaedmNemenswmk,w(two
mmmwmmnmmsupnmm).wmcm NY (three

mnswnhselfmweandSugenvapormovety),mdFmﬁddety CT (five

mwnhsdfmmdnomnvapormety) Omwmddam:nobih(lm_

Cmm)mdoneoldermodeln&mobﬂe(l%S&pdceorl%ﬁMmCaﬂo)muagned
~ to each commuter route. mamphsmconewdintheﬁmwddeofm
. automobile. Ihemmbaofnmpluperambibungedfmmummforthcmm
. ‘andﬁomstfmthcﬁn-up The driver’s window was turned down during the fill.up.
| mmmwmpmmﬁn-upmmzmmmmamammmnm '
- 5 to 10 min. mmbhmm&mbﬂe,afeww
wmwﬂmdwbhmmofﬂnpmmmemm | |
' Avengeconmﬂomofmndnﬁngtbmmmfomdwunpﬁom
0018m0275mglm (Lioy et al., 1993). Aven;econcmdnﬂngﬂnﬁll—upmged
fmm0036t018mglm mmwmmmmmm
mammmwwwhpmmhgmmm These concentrations
& found to range from 0.7 t0 14 mg/m’. Inside the older model automobiles, |
concentrations were higher, Mmmmmmm
and “wear”. Mdudmnmmmumbemmbm
confonndmgﬁewu : :
Intzmanoual‘rechnologmlnc (n')completedaaetofﬁeldmasummofm .
| Wn&ep«wﬂbmmmngﬁn-up,nmepumpmmm f
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the property line of gas stations (Johnson, 1993). This study was done in coordination with
the above EOHSL/RTI smdy at the same ten gas stations. All concentmlons for this stuc;y,
even those in the intermittent breathing zone, were from a 4-h cootinuous sample. Avemge
fence-line (typxcally taken -t the apparent property”line) concentrations were found to range
from 0.018 to 0.234 mg/m MTBE (Johnson, 1993). The hxghest fence-line concentrations
nngedfmmOSGtoOSmglm MTBE. The highest breathing zone and pump island
_concenuanonsnngedfmm07to9mglm MTRE. Mbmthmgzoneconcenuanonsare
_ eompamblemthcd-hconnmwsampleoccupmonﬂcommonsmuecemNIOSH
-study (National Institute for Occupational Safety and Health, 1993). For the NIOSH study,
themanbmthngmneconcemnonforstanonannglm thhsomeofthe
hxgh&comnonsexceedmgu4mg/m

As should be expected, m#hbmﬂnngmcommducﬁbedabovem
bwermanreponedbytheChywnEnvmnmenulConmmmmdy(ChymnEnwmnmenul )
" Consultants, 1991), which collected samples onlydnnngtheﬁll-uppenod(appmmmly
2 min). mmcnmmdy,mmmﬂwmommﬂnmthngmforoxyfuek
havmngtol:!%MTBmelSmg/m withvaporrecovu'y and30mg/m without
vaporxecovay Iheabwmwungeamongmeaehmﬁmsmoszm
l37mglm M@mmwmmmmmmmm*
wmmnommﬁnn,wmcvmbﬂnyofbmﬂnngmw A wide "
range of ambient air concentrations within the breathing zone can be expected. Ambient air
wmmommameduamaaﬂonwmbehgmydepmuponmewihdspeedand |
direction. mmmmmmhdﬂmﬁanymﬂmdbyhow
one stands relative to the wind. Also, anylpmoffndwﬁlcﬁnmgthehnk.mvety |
;dtamanauyms;themhaledm g . ..
3z'ammnxposmnsﬁmatesormahylrerﬁmnuymther

mdmwmqnﬂitymdmmvhm(e.g.,mming inside cars, in
ﬁammlganga)mbolnnitedforaqmnﬂhhveemmdpopnhﬂmapom.
Atb&,tbeymbensedtoemmateappmnmbtudmgesofpomnalexpom
- Because of the interest in MTBE, the present evaluation focuses on this compound, even
thonghmypomudhahheffeasmghtmkﬁmwmphxponmmmofwm
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. "MTBE is only one component. Furthermore, potenua.l exposures of only the general pubhc
not occupationally exposed groups, were evaluated. -

There is a need to estimate both acute and chronic exposures to elucidate health risks.
Table 5 outlines the personal acuvmes that have been considered in developing an zunual
Human exposure essunate (Huber, 1993). Gasolme fill-up is divided into two parts to account
' for both the ﬁll-up (lSﬁll-ups/week) and the remaining time spent in the station
envmonment The dxstnbuuon of hours spent in each microeavironment is based to some
extemonamsonablemtexpmuonofavaﬂablepopuhnonmuysmdxee The greatest
“dnfﬁcultyamsemnymgtodxsuibutethebahneeofumespemmonesmxdeme office, or
outdoors. Inth:sexample whxchrepresentsoneexpomemno,thetypwalhmeone
q:eudseuherathomeormawodq)laeeistehnvelyhxge Therefore, 1fthereareelevated
eoncenmonsmﬂmeenvuonmenu,theywﬂlbeeomethehrgeaoonuihnotwmnuﬂ
.averagehumanexposnres

TableSdsommmanzecconcemnonesdmateswnhnmemmoeuvuonmeutsbased
onavaﬂabbdanmuedmthepmvmsm(Seeuon312)mdmemoddesumm
(Huber, 1993). Mupperboundoftheseconcemnnmsndtheumpumsusedm
beheved’wbeamsomblewomense,nmthewomasepossibhmmﬁequemmm.
Thus, it would be expected that most people would experience lower exposures. The high
vdnufmteddenﬁngangeaudhousemmemmchedpngemwmmemmns
fmmtheantomobileoramnpsohnespmthhthem;edoorelom The high value
formndoonusumesthatonewouldhvenelrapsanmorahewﬂyusedhghny

Thecomponentsofﬂ:eamalaveugehnmmexpomeedenhﬁmsmgthe
assumptions described above are shown in Table 5. msnbleelenﬂyxdennﬁeetheeommute
andg:sohneﬁﬂa:pnthemodmpommmmvnmm,mleuthenueﬁgmﬁam
'evapommv;ommamnmnge Sev;al’amaleqﬁlmwetedevelopedmg'
the Toble S values. Memmmueforkand&molﬂ!ﬂoxyfnelmmdme
thathconeenmnomuelOSoftheeevahwsford\emnderoftheyeu This 10%
ammpuonubasedonﬂnbehefd:ntheammmdMBBmthemm&rhpmpmumﬂ
totheamonntofMTBBmthefnel(lJ%maﬂmxyfuelvexmlS%moxyfueD. Itis
vexydifﬁeuhmesﬁmatemﬁlevdsduﬁngthemyfudmbeanseMIBBisuwd-
avaryiugpacenngesiuwmepminm;:mﬁmlandmnmlfiumgmngmﬁnﬁ,and;
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_ TABLE 5. METHYL TERTIARY BUTYL ETHER EXPOSURE ESTIMATES

Activity | Occurrence  Time/Year (b) ~ (mg/m’)  (mg/m’ - b)

1. Gas fill-up 1.5/week @ _
, ‘ 2 min - 26 3.0 . 93.6
Other @
10 min - " 13.0 36 - 46.8
2. Commute/in vehicle 10 b/week 820 : 0.36 187.2
3. Anto:liop . 4/year @ . . - '
15 min 1.0 1.8 1.8
4. Public garage. | ' 10 min/day 6083 - 1.8 109.5
5. Residential garage © 2 min/day 1216 - 36 M) 438
' B ' : ¢ 0.018@M) . 0.22
6. Residence o 10 b/day + _ . | -
4 . ' | weekend - 4,160 0036 () 1498
, _ BN X1 Y 5 74.9
7. Office o . 40 h/week 2,080 . 0.036 749
8. School/public buildings 17 b/week 884 0.036 31.8
9. Outdoors - . 20 b/week 1,040 036 ()  374.4
: E 0.036 (L) 37.4 - )

H = High; L = Low

although premium fuels have a higher percentage of MTEE, less is used. The 1.5% MTBE
chomumammpnonmnnlikalywbeahghormdyhghm TableG
shomd:emnlexpommmbueduponthuenmblu Mapoanewmnos
wmmmwmhmwmmhhmm
‘ popnlanonnmncavingow:xpomewpnhne wnhmmvanve
Judgemmamrmndednganavaﬂablew Exposure for children is expected’
,wbebwetbecmseﬂ:eydonotpnmpmandspmdhuﬁmmmﬁumhuvymﬁc

- It can be assumed that a gasoline fill-up scenario, although brief, wonldruuninthe
' hghenmupomcom mmehWMmu
" pear evaporative emissions. ms,expoanewonklbepmwlmhndﬁngpm The
hghamtedM’l‘BBconommnmlnmg/m alﬂ:onghkvelsulowu().nmg/m ;

wmdsomamedathememnon,ﬂlnsmnngﬂnvamﬁmymﬁn-upapom ‘
- (Clayton Eavironmental Consultants, 1991). Ammtyp:alwom-asemmﬁon o
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TABLE 6. ANNUAL AVEMGE METHYL TERTIARY BUTYL ETHER

EXPOSURE ESTIMATES"
4-mo Oxyfucl Season S 6-mo Oxyfuel Season
High® L High" . Low,_
(mg/m® (mglm’) ~ -~ (mg/m) (rag/m®)

005 . . 003 L | 0.07 0.04

®Assumes 1.5% aversge MTBE in gasoline in nonoxyfuel sesson.
igh or low exposure estimates from Table § used.

in the breathing zone during fill-up would be 36 mg/m> MTBE for a few minutes (Johnson,

' 1993; Lioy et aL., 1993; Clayton Environmental Consultants, 1991). However, higher -

concentrations are possible, especially in the case of an accidental spill. '
Forpuxposesofcompmmtothel-hhummchmnlexpomsmdm(asm -

6 mg/m*), l-hnme-wughmdavmgemﬂcommﬁommalculmdfortwoexpom

scenarios, using high conceatration data. Theﬁrstmamumedhgb&muanedvaluu

andmolveda2~minﬁn-np(l37m¢/m),a30-mmeommmnedwnhaﬁnﬂp ‘

" (l8mglm’) and a 28-min remaining commute (0.275 mg/m’); the average is 5.6 mg/m’

MTBE. mmmwmmummms Scenario 2 assumed a

2-min fill-up (36 mg/m), zmininapemmpnge(asmg/m’) ‘2 30-min commute

(0.36 mg m), 10 min in a public garage (1. Smg/m’) anlemminawbhcbnikhng

__(oossmg/m’) thcaveugenlSmglm MTBE.

4. HEALTBRISKESI'IMATES’
. MMBMWMM@“MMNM Most
' MMMmmMeﬁe&ummwm .
_ duration. mmmhmwamm@mm“mm‘
of cansing health effects, which is the topic of this section. . Uncertainties always exist in risk
assessment. As will be discussed below, somcofdnnncatamﬁuxegudmghﬂ'ﬂﬂdonot
wawhelmtheabﬂuywmchmmom,motham,thenmmpmhm .
anyﬂnngmo:ethanthnnveesﬁmam msseeuonpmemsnskmformegmnl
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public (including highly expased people such as 'oom_ﬁm_ters), not for those who receive
higher occupational exposures. People with occupational exposures to MTBE oxyfuels were |
subjects in the cpidemiological studies in an atteinpt to detect effects at higher exposures,
providing a potential boundary to interpret the posquhty of effects at lower levels that might
be encounteréd by some of the general public.

4.1 Carbon Monoxide
Noquanuuuveumsmemofchangesmcchulthmhthamymﬂtwnhma
usexsmadehere Suchanassesanentuneededtoconsxdatherehnvebeneﬁtsmdmksof
. CO and MTBE. Therefore, developing a CO risk assessment would be of value. It should

'mcludeamnlexpommsmem,tbatu,mevﬂmmofanexpomem(eg, |
personal and public garages, street canyons, indoors), not just outdoor ambient -
.concenmomrepmemedbymnom:ymommmmformﬁmoﬂheCONMQs A
Eﬁomshmddlmludemmofthepomdformmmbpopuhnom(bymmbetand

' gwmphimlham)wwmmofconb '

4.2 Methyl Terﬁary Butyl Ether

) Fromthelmmanchnimlundm h:ppundmhalthymbmofthewbhcm
unlikclywexpenencednsympmmsofm(e.z hadache)amtal-hexpomw
‘mammmmmMW(smsmymSMmmm
thosecommonlyencoumuad. mwhﬁnwhmpeophmdmmmmme,
: butnotan,ocasions Mymymdwbdda-bs-mm)wmmnyhm
mammmwmmmm 'l‘heinﬂnuneofdon—me
.'onsymptoms,gmmingthetamlym: ilnotknqwn. Thetefpte evelthoughthe |
dmalaudhnsdhighl-hmeemmmﬁoumhﬁvemmhghpubﬁc
exposure scenarios, d:ueuaponﬂ:ﬂhydntahighzbﬁefpe.‘apomemhinﬂmthe‘
outcome. BWMMMWMWMMMMG&,.
sympmrepoﬁng)mdobjecdveﬁ.e.,eydmcinﬂammbehvior)mh '
ﬁndmgsmmbnstforthemdyeondniom Howm.mmmhm@dmdmmey
usedMTBBmmanddxdnﬁmclndetepr&mvesofmbpopmﬂonswhomghtbemm
sensitive. Formmple nnmbhmmmhmmmmgm“d’fm
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different from "pure" MTBE., It should be xeoogmzed that the clinical smdm used telanvely

" young halt.hy subjects.

Most epidemiological studies (mcludmg t.he ones described here) cannot, by their very
nature, demonstrate cause-effect relationshins - ‘scause obsuved effects might have causes in
addition to the pollutant under i mvesuganon that are difficult or impossible to sort out.

Rather, epxdemologm.l studies bave the poteatial to show associations between exposures

and effects. The study comparing workers from the New Jersey Departments of
TmspomnonandTmuyfmndmugmﬁamdxﬂ'mmhakhsympmmbaween
worhenmnonhemNewJeney(whenM’fBBoxyﬁlehmmuse)mdsomhem A
New Jersey (when MTBE oxyfuels were not in use). 'lhembaofworketsqlmuonedwas

| adequmtodmaamhﬁvelymnmusemnpomofhanhsympmms Thenorthswﬂl
'mﬂmommﬁmmconﬁmedbyahm&dmbaofmmdpawmlmpler

masuments ‘waorkusspanmostofthardaywnhm(e.g,pumpmgm,dnmg
v&ﬂa)aﬁhswmmuapeaedmm:hmm“pomemmoﬂhq
geoenal public. With the understanding that quantitative comparisons betweea Stamford and
Mamummammmm,hnﬁnuwmmu
differences in the acquired data. Mwmchrdﬁmmsymmhm
ﬁomwmm:mStmfmd(wnhMTBBoxyfnds)deo&ewoﬂusmAlhmy_

- (without MTBE oxyfuels). Gmny,dmemnouhrgediﬁumhetweenwm
mumgoemﬂomlapomuwfmlsmswmm Also, there was not a

mgediﬁambawmmmmmwbuhghzwwpﬁomwm
Stamford. However, in the Albany study, itnppanpouibleﬂntthuemyhvebem '

,wﬁmmwﬂmmmmu@mam

Therefore, WWWMMMMMW
qummmmwmwm it does not

X

appardmhahhymbmofthegenmlpopnhﬁmmmmum

Mmmwwmdm For most
WW&M&BWWW&MMW@
nnnlexpombeanseofthdrw&vﬁecorhvembamﬂypu&mﬁﬁvﬁy It may
dmefombemsonablyummedmnﬂthmghthuempmhblygthsmepwpblt, '

-

greater risk to MTBE, they have not been identified. One epidemiological study attempted to
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do so by questioning people reporting multiple chemical seasitivity. Although they did not
bave significantly more symptomﬁ than other healthy people, the number of Subjecis, and
hence the detectability of effects, was low. Another possible risk factor is temperature.
Ambient temperature may influence exposure and delivered dose of MTBE in several ways.
Temperature affects evaporation of the fuel and exposure durations. For example, at lower
temperatures, there is less evaporation, but people will drive with their car windows up
(mducmgmdiluuansofM‘IBBmsﬂethem) Alsoatmbucuctzmperamres,peoplewm
brutbe&ﬁmdy,thuebyaffecﬂngthemMofMlBBwﬂnﬂymhaledmomdmr
scenarios (e.g., veh;clerefuehng) The above is not meant to be an exhaustive list of
" possible risk factors, but does illustrate that only a-few of the multiple possibilities bave been
The epidemiological studies in Alaska are far more difficult to interpret. In Fairbanks,
thuewucluﬂyadecraseinhalthsymptomsaﬁetmoxyﬁxdwcased However, _
the price of gasoline (which had increased about 14¢/gal) and the extremely kigh public |
mmmﬂm&m«mmmmwmmmeuwm
removed. m:confamdingpmlnducwmmnonofthem. If the other
epidemiological or human clinical studies had shown modezate o strong associations between
'MTBE exposure and symptoms, then it would have been probable that at least part of the
-decxusemsymptomsmFmbanhwudnemthcmnonomeoxyfuluse Evenso,-
anmﬂumceofMTBBonFnrbanbsymptomsambembdom. Most significantly,
Fmbanhuumnebemseofmbueﬂchdﬁmﬂmv«mMmmh
;mxtstopognphytndmelmmlogy Thus, upomucouldbeqmed:ffmfmmother .
areas of the country. mmmd‘mmwmmmm
wndmgmmdhddiﬂammmdydeugn,pmaﬁngmmpmmbawmmem-.'
- and the Fairbanks studies. . Inadditbn,mthcaﬂyl’mbnhandAmhmagem(see
‘mbl)-mmbmmmwmwmmwm |
qmmmmmammmfmndmumm Howeva-nualso |
mvabbmndﬁmmgmm(o&uﬂmm)mghthwemﬂnmd
whhMlBonyﬁ;da:pombeauscthmismeompanble(wenmgMywmpanble)
group without MTBE oxyfuel exposure. |
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In the Stamford study, people with- lngher eoncentmmns of MTBE in their blood had a-
greater symptom prevalence Such a relauonshxp was not present in Fau'banks In addition,
TBA blood concentrations were not associated thh symptom prevalence. As discussed
mher, there is no evidence that blood levels of 'VI‘I'BE or TBA are quanutauve indicators of
é¥fects. ’I‘heydoshowthatuposureocmned . :

The avaﬂabf'mfounauon shows that developmeantal toxxcxty 1s produced at high -

' labomtoryexpomresofmwemdnutom& As discussed earlier, toncxtymmsxsnot
- observed at 1,440 mg/m’, M“mym’manamnmbleptelmrymm(mth
uncexmntyspannmgatlananorderofmagnmde)ofalwelawhxehmadvme
' &vd@mmmwmnﬁhlywmmm(mmd:ngmembpoptﬂmm)

-Avaﬂablemfomm:homthnl-m}mmmmmmdumgfudﬁnmpsua‘
typmlwomasewouldbe%mg/m otherdmahowamgeﬁomontol”mg/m
mm,bmmmﬁn-ups,mm&onwmm“mﬂm mghtoecur.
The chance of a human bazard increases as exposure exceeds 48 mg/m’. No information
mmformﬁmmkorhnmmmdwmmmmythemnmlevdand '
-mammmwmmmm Thus, it is .
amedthﬂma:honmlm&ep@miﬂbmkmdwebpmmmyxﬁhe
 exposure conceatration is sufficiently high. Whmoncdompuud:emofm
a:pomemazuolmeﬁn-upmaﬂobtheanimﬂm&ehmnwtom
nngeﬁomlOﬁo4,500ﬁmulowerthanﬂBammlNOAEL In making similar L
'mmmﬁtammmaﬂo thelnmmexpomutomwmldmge
~ from an average of 5,000 to 80,000 times ‘ower than the animal NOAEL.

' Muamhmfotduwmgcondnmabomehomcmeﬁm _
As discussed earfier, the RfC is'3 mg/m* MTBE. Aceotdiutoﬂledeﬁmnmofthekfc
mwmmwmmmmxwmyfm

mmmmm IftheRlCof3mgIm nmmedwmthelnghea |
anmalexpomeemmteofommglm mmmmmmm
‘ Clnomemhalatmnexpomuofnuandmwe!uvepmdneedtwotypaofmmorsm
msandonetnmortypemmxoeavetyhghcomnonsofm‘ss. Deficiencies in the
Mymﬂabhchomemmyshvewntﬁhnedwnmmuammw,
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the three animal tumor types ate for defining a human hazard. The occurrence of rare -
kidney tumors in the rat may be of particular hazard concem, although there is a quesnon as
to whether the kidney tumors are even relevant for assessment of human hazard. The rat
bioassay itself is corr romised by toxicity azd . .essxve mortahty in two of the three dose
gTOUPS. The occurrence of testicular tumors in ms at high doses contributes to the overali
wexght of evidence, even though the magnitude of the hazard sxgmﬁmce can be questioned.
‘l'hehvertumorsmmaleandfemalemweoeaxratthe_hxghestdoseonly,butma
less:than-lifetime study. Some knowledge about MTBE metabolites adds to the basis of
hanﬁeyideneebeﬁnseonemeﬁbolhehuposiﬁwanimﬂandnﬁehnmmdaﬂ,whems
the other has positive animal data. Thewcmogemcxtyassessmentnnotyeteomple&ed
beansemeenmngnnmolvedmmesmmpommscmnﬁany,andnddxuonﬂmfommen"
fromnewsmdmuexpeeuedmthenenfewmomhs Amﬁvemofthemmgemmty
- data snggests that there is lmmedammalev:denee formnogemcny(i.e,amnvec
clamﬁman) Ammﬁyanﬂymofmnskmdleamomggemmt,xfman
amnogemc mpomeyhnmﬁhlywbemmmmudymgnedtomhne
itself, whchcunemlylmahamdchssiﬁaﬁonof pmbable buman carcinogen.

4.3 Benzene, Formaldehyde, and Butadiene
EvenwhenmemfomaﬁonuavaﬂableonthempactofLﬁBBonurtom
emsnons,nwmnubeposdblewqmnﬂnnvdymhmeemmdunguwexpomlevds
with sufficient precision to quantitate cancer risk changes, if any. However, the tread would
ﬁhlyheforamnﬂ(ifmy)deuuninpomﬁdmﬁskdnetoﬂnmdwmumthe ‘
- mass of these air toxic emissions. ’
, Rthesympmeomphmuexﬂatedmthenseofmﬁoxyfuds tlnmaeued
fomnhehydeemmommybeoneofmeulfwwnconﬁbuﬁngmthecomplexofm
health complaints. However,wxﬂwutbenerhmledgeoffomaldehydeexpomchnges
mmmmqammhnehawmem ' ~



4.4 Summary of Risk Estimates

® There is unlikely to be a substantial risk of acute health symptoms among
healthy members of the public receiving “typical” environmental exposures
under temperate conditions (i.e., not subarctic temperatures). This leaves
the question open about more subtle bealth risks, especially among .
susceptible subpopulations. If acute symptoms are being caused by MTBE,
they appear to be mild and transient. ,

- Acute(1-h) exposure to typically encountered high ambient levels of
- "pure” MTBE does not appear to cause health symptoms, eye or nose
irritation, or behavior changes in young, healthy adults under room
temperature conditions (e.g., 75 °F). However, it is possible that there
are more seasitive: members of the population who would respond and that

-PrelimimxyxepomofepiqemiologialsmdiuinNemeydidmt
detect differences in symptoms reported by workers (drivers, mechanics,
refuclers) in northern New Jersey (with MTBE oxyfuels) and southern
New Jersey (without MTBE oxyfuels). :

- There were not large differences in symptom reports between a variety of
- worker and commuter subgroups in Stamford (with MTBE oxyfuels) and -

between the Stamford and Albany (without MTBE oxyfuels) populations

studied. However, it is possible that cold symptoms or other factors

-,smmmwmmmmamwm
removed. Bowm,thcﬁmaﬂonhconfmndedmmwwbﬁc
concern about the potential health effects, higher costs (14¢/gal), and
were removed. Evea 30, the unique meteorology and topography of
'Fﬁhnbmmm‘muamdmmmoxyfudsm.
symptoms. The symptom prevalence data from Anchorage cannot be

® ' baving MTBE oXyfuel exposure was studied. - - : 4

. Ammmmmmmmmmmdw
to high concentrations of MTBE. Human developmental risk cannot yet be
defined quantitatively. However, based on the concept that a short-term
exposure during a critical period of seasitivity can potentially cause a
‘developmental effect, there is potential risk for deyelopmental toxicity as
lmmanexpomeexceeds“mglm’,whichwmﬂdinclndeme-mﬁne
fill-up scenarios. Most public exposures to MTBE are well below this
concentration and are not of concern. Methyl tertiary butyl ether is not



umque among gasoline constituents in havmg developmental cﬁ'ects in :
laboratory animals. Although it is beyond the scope that is possible in this
document, the potential of the mixtures and the other individual components

- of gasoline to cause developmental toxicity should be considered and :
weighed against potential added risk from MTBE in order to prov1de a
complete analysis. -

Based on several studies of laboratory animals exposed chronically to
M'I'BEandannualhumanexpomtemates,ltdounotapputthatthere
. is a significant risk for MTBE to cause chronic noncancer effects. The
.potenualmkofnonancerhaltheﬂ‘easfmmchmmcexpomtoMTBE
'aspanofacomplexmxxm:ewnhgasohneunotknown

Atthepresemnmeandonamnvebam there is no reason, to say there.
is a serious carcinogenicity public health hazard from the inhalation of
MTEE, although some hazard is possible and necessarily should be further -
evaluated. Although unfinished, the curreat carcinogenicity assessment )
supports a hazard classification of "possible” human carcinogen, based upon
“limited® animal evidence. Data from a newly reported, but not yet

. available, oral exposure animal bioassay and additional information on
kidney-toxicity may modify (i.e., an increase is possible, a decrease is not -
hkely)thcmnveammmchsaﬁam Crudely estimated dose-
- response analyses suggest that the potency of MTBE would be relatively
low. Methyl tertiary butyl ether is being added to a gasoline, which itself
has a whole-mixture hazard classification of "probable® human carcinogen
- and a relatively low estimated potency. Although it is not known what
effect the addition of MTBE has on the carcinogeaic activity of the oxyfuel
mmne,theMl‘BBcompommdfmmbenowomﬂnnthe

nonoxygenated gasolme mmnm.
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